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Description 



TONER AND METHOD FOR PRODUCING THE SAME 



5 Technical Field 

The present invention relates to a toner for 
developing an electrostatic latent image formed by an 
electrophotography method, an electrostatic recording 
method and the like, and in particular, to a toner excellent 
10 in disper sibility of the pigment. 

Background Art 

Electrophotography is a process in which an 
electrostatic latent image formed on a phot oconduct ive 

15 member is developed with an electrostatic latent image 
developer includi ng a toner a comprising colored particles 
and an external additive, and, if necessary, a charged 
toner image is transferred to a recording medium, such 
as paper or a printing matter, and then the transferred 

20 toner image is fixed to obtain a copy. Formation of a 
color image by a full-color electrophotography method 
comprises reproduction of all colors by using three colors 
of toners including a magenta, a cyan and a yellow toners, 
or preferably four colors of toners including a black toner 

25 in addition to the three colors of toners described above. 

In a method for forming a full-color image by a 
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full-color electrophotography method, for example a 
reflected light from an original document is subjected 
to color separation in an analog or a digital method, and 
then this information is introduced into a photoconductive 
5 layer of a photoconductive member to firstly form an 
electrostatic latent image of a first color. Then, the 
toner for the first color is transferred and put on a 
recording medium such as paper, after developing and 
transferring steps. The same operations are repeated for 

10 the second ' color and the other colors, thereby 
superimposing a plurality of toners on the same recording 
medium. The superimposed toners are fixed by various 
methods such as heating, pressurizing, solvent vapor or 
the like to obtain a final full-color image. 

15 As described above, in the full-color image formed 

by the full-color electrophotography method, four or less 
colors of toners are superimposed on a recording medium. 
Accordingly, the amount of fixed toner per unit area on 
a recording medium, such as paper, is higher than that 

20 in the case of a single color of black, which may cause 
unfavorable effect on a resulting image. For example, 
.after fixation, the recording medium may have warpage 
(cockle) ; the image may have a feeling of asperities; and 
the color may be poor in transparency, clearity and 

2 5 reproducibility. 

In order to solve the above described problems, it 
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is preferable to reduce the amount of each color toner 
used. However, the reduction of the amount of toner used 
may involve the reduction of color density. Increase of 
the proportion of pigment to be added relative to the weight 
5 of toner may be an idea to solve the problem of the reduction 
of color density, but it may have an effect on the basic 
characteristics of toner such as f ixability and a charging 
property of toner. Therefore, this method may also be 
1 imi t ed . 

10 The smaller the particle diameter of pigments, the 

higher image density it provides, provided that the added 
amount of the pigment in toner is the same. This is 
considered because a color comes out as light of specific 
wavelength, among the light irradiated on particles of 

15 the pigment, which is absorbed with higher possibility, 
when the number of particles of the pigment or the surface 
area of the pigment existing in toner increases. However, 
if the particle diameter of pigment particles is too small, 
the color may not come out well, because light passes 

20 through the particles. Moreover, when pigment particles 
with a small particle diameter have aggregated, they behave 
in the similar manner to those with a large particle 
diameter. Therefore, pigment particles is required to 
be uniformly dispersed in toner. 

25 A method for reducing the particle diameter of 

particles of a pigments in toner typically includes the 
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methods for reducing the particle size using dispersion 
machines such as, for example, a sand mill, a three-roll 
mill, a ball mill and an extruder. Generally, pigments 
have secondary particles which are formed by a slight 
5 aggregation of primary particles- The above described 
methods are only effective to the extent that secondary 
particles are broken into primary particles, and the 
further finer particles of pigment is not easily obtained 
by the above described methods. Although it is possible 

10 to break pigment particles into further finer particles 
by using a high speed sand mill or the like, this method 
requires very high energy. 

Other known methods of forming finer particles of 
pigment include a method in which pigment particles, a 

15 binder resin and the like are strongly kneaded while heated 
by using a two-roll mill, a Banbury mixer or the like. 
However, since pigments generally exhibit crystal growth 
at elevated temperatures, this method reaches an end point 
when mechanical breaking strength and crystal growth reach 

20 equilibrium, limiting the reduction of the size of pigment 
particles . 

Furthermore, as a method for reducing the particle 
diameter of pigment particles, there is a method for 
obtaining pigment particles with fine primary particles 
25 by wetting the mixture of a pigment and a water soluble 
inorganic salt such as common salt with a small amount 
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ofwatersolublesolvent, stronglykneadingthewetmixture 
using a kneader or the like, washing the inorganic salt 
and the solvent with water to remove them and drying the 
resultant pigment. However, even by this method, pigment 
5 may undergo strong secondary agglomeration when it is dried, 
increasing the particle size of the pigment particles. 

As described above, although it is difficult to 
reduce the particle diameter of pigment particles, it is 
further difficult to uniformly disperse pigments having 

10 a small particle diameter into a toner. This is because 
pigments tend to aggregate as the polymerization of a 
polymerizable monomer proceeds, particularly in a method 
for producing toner by a process in which a polymerizable 
monomer having a pigment dispersed therein is polymerized. 

15 Japanese Patent Application Laid-open No. 

1997-160299 discloses a toner for developing an 
electrostatic image, mainly composed of a pigment treated 
with rosin with an epoxy group or a rosin-modified compound. 
Moreover, Japanese Patent Application Laid-Open No. 

20 1995-43944 discloses an electrophotographic toner, 
comprising a s t y r en e - a c r y 1 i c copolymer resin comprising 
a carboxyl group, and an acrylic resin comprising a 
glycidyl group; and Japanese Patent Application Laid-Open 
No. 1994-11890 discloses an electrophotographic toner 

2 5 comprising a styrene-acrylic resin having a glycidyl group. 
Although the toners disclosed in the above documents have 
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improved di spe r s ibi 1 i t y of pigments, these toners do not 
have a spherical shape and have a surface with asperities 
formed thereon, resulting in deterioration of transfering 
properties and resolution. In addition, there also 
5 exists a problem that, since a solid raw toner material 
is brought into collision with a metal or the like to produce 
toner, the resulting toner is apt to be cracked. 

Japanese Patent Laid-Open No. 1999-72968 discloses 
a toner for developing an electrostatic image obtained 

10 by the polymerization in the presence of a charge control 
agent composed of a polymer with an epoxy structure and 
a sulfur-containing or a phosphorus-containing structure 
The toner disclosed in the above document, while it is 
excellent in anti-offset, low- temperature fixation, 

15 storage stability and the like, provides an image density 
that needs further improvement. 

Japanese Patent Application Laid-Open No. 
1998-48883 discloses an electrophotographic toner 
comprising colored fine particles using a n . e p o x y -ba s e d 

20 resin as a dispersant for dispersing pigments in a 
polymerizable monomer. The epoxy-based resin used in the 
document includes an epoxy resin and a precursor of an 
epoxy resin. The precursor is generally composed of a 
multifunctional epoxy compound, to which a curing 

25 accelerator such as an amine compound is added, to form 
an epoxy resin by the ring opening polymerization between 
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epoxy groups. The epoxy-based resin is used as a 
dispersant of pigments. The curing reaction of the epoxy 
resin is so fast that an unreacted epoxy group is consumed 
fast, so that it can hardly be expected that the epoxy 
resin exhibits the effect for dispersing pigments. 

Thus, a toner that is excellent in di sper s ibi 1 i ty 
of the pigment and can provide good images is eagerly 
desired. 

The object of the present invention is to provide 
a toner that is excellent in d i s pe r s ib i 1 i t y of the pigment 
and can provide good images. 

Disclosure of the Invention 

The inventor of the present invention carried out 

an in-depth study to accomplish the object. As a result, 

he has found that this object can be accomplished by; using 

a toner, wherein the filtrate obtained by filtering a 

dispersion of the toner in t e t rahydrof ur an has a maximum 

absorption in a specific range with a specific range of 

absorbance, when it is measured by a spectrophotometer. 

The present invention has been accomplished based 

on the abo-ve finding. According to the present invention, 

there is provided a toner comprising at least a pigment 

and a b-inder resin, wherein filtrate obtained by filtering 

a dispersion comprising 0.2 g of the toner dispersed in 

100 ml of t et rahydrof ur an through a filter with a pore 

size of 0.45 \xm, when it is measured by a spectrophotometer. 
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v' has a maximum absorption between 380 nm and 440 nm wherein 

the absorbance at the maximum absorption is 1 or higher, 
or has a maximum absorption between 640 nm and 680 nm wherein 
the absorbance at the maximum absorption is 0.2 or higher, 
5 or ha s a maximum absorption between 490 nm and 560 nmwherein 
the absorbance at the max imum absorption is 0. 15 or higher. 

The above described filtrate preferably has the 
ratio A/{A + B) of 0.1 or more for the peak detected at a 
wavelength of 410 nm or 54 0 nm by a UV detector, wherein 
10 A denotes the area of a region where the molecular weight 
exceeds 2, 000 and B denotes the area of a region where 
the molecular weight is from 500 to 2 , 000, when measured 
by gel permeation chromatography. 

The above described filtrate preferably has a 
15 basicity of 10 mmol/g or less. 

The toner of the present invention preferably 
further comprises a charge control resin. 

The above described charge control resin preferably 
has a weight average molecular weight from 2, 000 to 50, 000. 
' 20 The toner of the present invention preferably 

further comprises a parting agent. 

The above described parting agent is preferably a 
multifunctional ester compound. 

Thepigment contained in the toner of the present 
25 invention includes those having the following structure: 
-N - N-CH (COCH3 ) -CONH- 
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in a molecular structure thereof. 

In addition, the pigment contained in the toner of 
the present invention includes a pht ha locy ani ne pigment. 

Preferably,- the toner of the present invention has 
5 a volume average particle diameter (Dv) in the range from 

3 to 10 i^m, the ratio (Dv/Dp) of the volume average particle 
diameter (Dv) to the number average particle diameter (Dp) 
in the range from 1 to 1.3, and the ratio (rl/rs) of the 
length (rl) to the breadth (rs) of the particle in the 

10 range from 1 to 1.2. 

The toner of the present invention preferably has 
a tet rahydrof uran-insoluble content in the range from 0 
to 80% by weight. 

The toner of the present invention preferably has 
15 a pH of the aqueous extract solution in the range from 

4 to 7 . 

in the toner, a number of pigment particles having 
a length of at least 0.2 |im counted in an area of 100 ^m 
X 100 |Lim of a toner having a thickness of 20 j^m, which 

20 is prepared by melting the toner at a temperature of 170°C, 
is preferably at most 50. 

Moreover, the present invention provides a method 
for producing a toner comprising a step of polymerizing, 
in an aqueous dispersion medium, a polymeri zable monomer 

25 composition comprising a polymeri zable monomer and a 
pigment, characterized in that the above described 
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po 1 yme r i 2 ab 1 e monomer composition comprises an epoxy 
compound or an acid halide, having radical 
polymerizability . 

In the method for producing a toner according to 
5 the present invention, the content of the epoxy compound 
or the acid halide in the po 1 yme r i z ab 1 e monomer composition 
is preferably in the range from 0.1 to 5 parts by weight 
per 100 parts by weight of the polyme r i z able monomer. 

In the method for producing a toner according to 
10 the present invention, the po 1 yme r i z ab 1 e monomer 
composition preferably further comprises a charge control 
resin. 

The above described charge control resin preferably 
has a weight average molecular weight in the range from 
15 2,000 to 50,000. 

Best Mode for Carrying Out the Invention 

A toner according to the present invention is 

described in detail below. 

20 The toner of the present invention comprises at least 

a pigment and a binder resin. 

Resins that have conventionally been used as a binder 
resin for a toner can be used as the binder resin. Examples 
of the binder resin include polymers of styrene and 

25 substituted derivatives thereof such as polystyrene and 
polyvinyl toluene ; styrenenic copolymers such as a 
sty r ene-methyl acrylate copolymer, a styrene-ethyl 
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acrylate copolymer, a styrene -butyl acrylate copolymer, 
a s tyrene-2-ethylhexyl acrylate copolymer, a 
s tyrene-me thyl methacrylate copolymer, a s tyr ene-e thy 1 
methacrylate copolymer, a s tyr ene-butyl methacrylate 
5 copolymer and a s ty rene-but adiene copolymer; 
polyme thylma thacrylat e , polyesters, epoxy resins, 
polyvinyl butyral, aliphatic or alicyclic hydrocarbon 
resins, polyolefins, ( me t h ) acr y 1 a t e resins, norbornene 
resins and respective hydrogenated products of styrenic 
10 resins. 

As a po 1 yme r i z ab 1 e monomer for obtaining the binder 
resin, there can be mentioned, for instance, a monovinyl 
monomer, a c r o s s - 1 i n ka b 1 e monomer and a ma c r omo n ome r . 
These po 1 yme r i z ab 1 e monomers are polymerized to form a 

15 binder resin comlponent in. a toner particles. 

Specific examples of the monovinyl monomers include: 
aromatic vinyl monomers such as styrene and vinyl toluene; 
acrylic acid and its derivatives such as methyl acrylate, 
ethyl acrylate, propyl acrylate, butyl acrylate, 

20 2-etylhexyl acrylate, cyclohexyl acrylate, 

dimethylaminoethyl acrylate and acrylamide; methacrilic 
acid and its derivatives such as methyl methacrylate, ethyl 
methacrylate, propyl methacrylate, butyl methacrylate, 
2-etylhexyl methacrylate, cyclohexyl methacrylate, 

25 dimethylaminoethyl methacrylate and methacrylamide; and 
t he 1 i ke , 
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The monovinyl monomers may' be used alone or in 
combination. Among the monovinyl monomers as mentioned 
above, it is preferable to use aromatic vinyl monomers 
alone, or to use aromatic vi-nyl monomers in combination 
5 with (meth) acrylic acid derivatives. 

The use of the cross-linkable monomer in combination 
with the monovinyl monomer effectively improves hot offset 
resistance of the resulting toner. The cros s - linkable 
monomer refers to a monomer which has two or more 

10 polymerizable ca r bo n ~ c a r bon unsaturated double bonds. 
Specific examples of the c r o s s - 1 i n kab 1 e monomers include 
aromatic divinyl compounds such as di viny Iben z ene , 
divinyinaphthalene and derivatives thereof; compounds 
with two vinyl groups in a molecule such as ethylene glycol 

15 dimethacr ylate , die thyl enicall y unsaturated 

carboxylates such as diethylene glycol d ime t ha c r y 1 a t e and 
divinyl ether; and compounds with three or more vinyl 
groups in a molecule such as pentaerythritol triallyl ether 
and trimethyrolpropane triacrylate; and the like, 

20 The c r o s s - 1 i n kab 1 e monomers may be used alone or 

in combination of two or more. The amount of the 
c r o s s - 1 i n kab 1 e monomers to be used is preferably 10 parts 
by weight or less, more preferably 0 . 1 to 2 parts by weight, 
per 100 parts by weight of the monovinyl monomer. 

25 In the present invention, a macromonomer can be used 

as a monomer. Additional use of a macromonomer together 
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with a monovinyl monomer is preferable to balance the shelf 
stability and the fixability at a low temperature of a 
resultant toner. The macromonomer is an oligomer or 
polymer having a vinyl-polymeri zable functional group at 
5 its molecular chain terminal and has a number average 
molecular weight preferably in the range of 1, 000 to 30, 000 
Use of a macromonomer with a number average molecular 
weight of less than 1, 000 may soften a surface part of 
toner, resulting in degradation of the shelf stability. 

10 On the other hand, use of a macromonomer with a number 
average molecular weight of higher than 30, 000 may degrade 
the melting property of the macromonomer, resulting in 
degradation of the fixability and shelf stability. The 
vinyl -polymer i zable functional group includes an 

15 acryloyl group, a methacryloyl group and the like. A 
methacryloyl group is preferred in terms of the ease of 
copolymerization . 

The macromonomer is preferably the one which gives 
a polymer, by polymerization alone, having a glass 

20 transition temperature higher than that of a polymer 
obtained by polymerizing the above-mentioned monovinyl 
monomer s . 

Specific examples of the macromonomer to be used 
in the present invention include macromonomer s comprising 
25 polymers obtained by polymerizing styrene, styrene 
derivatives, me t h a c r y 1 a t e s or acrylates, alone or in 
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combination of two or more. Among the above described 
polymers, hydrophilic polymers, in particular, polymers 
obtained by polymerizing me t ha cr y 1 a t e s or acrylates, 
alone or in combination, are preferably used. 
5 When the macromonomer is used in combination, the 

amount of the same to be used is preferably 0.01 to 10 
parts by weight, more preferably 0. 03 to 5 parts by weight, 
most preferably 0.05 to 1 part by weight, per 100 parts 
by weight of a monovinyl monomer. Use of the macromonomer 

10 inanamountofless thanO.Olpartbyweightmaydeteriorate 
the shelf stability of a toner. On the other hand, use 
of the macromonomer in an amount. of more than 10 parts 
by weight may degrade the fixability. 

The above described binder resin is preferably mixed 

15 with a radical pol ymer i z abl e epoxy compound or a radical 
polymer i zable acid halide in order to improve the 
disper sibili ty of pigments and to prevent r eaggr ega t i on 
thereof . 

As the radical po 1 yme r i z abl e epoxy compounds, there 
20 can be mentioned; glycidyl me t h a c r y 1 a t e , glycidyl ' 
acrylate, allyl glycidyl ether, styryl glycidyl ether, 
epoxy resins and the like. 

As the radically po 1 yme r i z ab 1 e acid halides, there 
can be mentioned; chloride compounds such as acry»loyl 
25 chloride, methacryloyl chloride, styrene carbonyl 
chloride, styrene sulfonyl chloride, 2 -me t ha c r y 1 o y 1 oxy 
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w ethyl succinyl chloride, 2 -me thacr y loy loxy ethyl 

hexahydrophthalyl chloride; bromide compounds such as 
acryloyl bromide, methacryoyl bromide, styrene carbonyl 
bromide, styrene sulfonyl bromide, 2 -me tha cry loy loxy 
5 ethyl succinyl bromide, 2-me thacryloyloxy ethyl 
hexahydrophthalyl bromide; and the like. 

When radically polymer i z able epoxy compounds or acid 
halides are mixed, the amount to be mixed is preferably 
0.1 to 5 % by weight, more preferably 0.2 to 3 % by weight, 
10 inthepol yme r i zable monomers to be used for forming binder 
resin components- If the content of the epoxy compound 
or acid halide is less than 0.1% by weight, the effect 
for dispersing pigments may be inadequate. On the other 
hand, if the content of the epoxy compound or acid halide 
15 exceeds 5% by weight, hot offset may occur. Both cases 
may degrade image quality. 

The radically polymeri zable epoxy compound or acid 
halide may be used alone or in combination of two or more. 

Pigments to be contained in the toner of the present 
20 invention include, for example, yellow pigments, cyan 
pigments and magenta pigments. 

As the yellow pigments, those having the following 
structure : 

-N = N-CH (COCH3) -CONH- 
25 in a molecular structure thereof are preferred. 

Specific examples of yellow pigments include C.I. 



16 FP310US 

Pigment Yellow 3, 12, 13, 14, 16, 11 , 55 , 65 , 73, 83, 94 , 
95, 97, 120, 151, 154, 167, 169, 172, 180, 181 and the 
like . 

As cyan pigments, there can be mentioned 
5 phthalocyanine-copper compounds or their derivatives, 
ant hr aquinone compounds and the like. Specific examples 
of cyan pigments include C.I. Pigment Blue 2, 3, 6, 15, 
15:1, 15:2, 15:3, 15:4, 16, 17, 60 and the like. Among 
the above described cyan pigments, phthalocyanine-copper 

10 compounds are particularly preferred. 

As magenta pigments, there can be mentioned azo 
pigments and condensed polycyclic pigments such as 
n aph t ho 1 - b a s e d pigments, quinacr idon-ba s ed pigments and 
the like. Preferred pigments among them are those whose 

15 aqueous dispersion prepared by dispersing 6 g of a pigment 
in 100 g of water has a pH of less than 7 . Specific examples 
of magenta pigments include C.I. Pigment Red 3, 48, 57 , 
57.1, 58 , 60, 63 , 64 , 68 , 81, 83, 114 , 122 , 123 , 144 , 146, 
149, 150, 151, 163, 170, 171, 175, 176, 177, 178, 179, 

20 184, 185, 187, 202, 206, 207, 209, 251 and the like and 
C.I. Pigment Violet 19 and the like. 

The above described pigments may be used preferably 
in the range of 1 to 10 parts by weight per 100 parts by 
weight of po 1 yme r i z ab 1 e monomers. 

25 The toner of the present invention preferably 

comprises a charge control agent. As the charge control 
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agent, conventional" charge control agents used for toners 
can be used without any limitation. 

Among the charge control agents, it is preferable 
to use charge control resins . These charge control resins 
5 are preferably used in the present invention, since they 
have high compatibility with binder resins, are colorless, 
and can provide a toner with a stable charging property 
even when it is used in high-speed continuous color 
printing. For example, the above described pigments are 
10 preferably kneaded with charge control resins for use in 
toner . 

Charge control resins include a negative charge 
control resin and a positive charge control resin. One 
of them is preferably selected depending on whether the 

15 toner of the present invention is prepared as a negatively 
charged toner or a positively charged toner. A negative 
charge control resin and a positive charge control resin 
are described in detail below. 

As the negative charge control resins, there can 

2 0 be mentioned resins having a substituent, in the side chain 
of a polymer, selected from a carboxyl group or its salt, 
a phenol group or its salt, a thiophenol group or its salt 
or a sulfonic acid group or its salt; and the like. 

As the salt of the above described substituent 

25 contained in the side chain of a polymer, there can be 
mentioned a salt with a metal such as zinc, magnesium. 
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aluminum, sodium, calcium, chromium, iron, manganese or 
cobalt; and a salt with organic bases such as ammonium 
ion, pyridinium ion or imidazolium ion. 

Among the above described resins, those having a 
sulfonic acid group or its salt in the side chain of a 
polymer are preferably used. Specific examples include 
resins obtained by c opo 1 yme r i z i ng a monovinyl monomer 
having a sulfonic acid group or its salt with another 
monovinyl monomer copolymer i zable with' the above 
described monovinyl monomer. Another monovinyl monomer 
copolymer i zable with the monovinyl monomer includes an 
ethylenically unsaturated carboxylate monomer, an 
aromatic vinyl monomer, an ethylenically unsaturated 
nitrile monomer or the like. 

As the monovinyl monomer having a sulfonic acid group 
or its salt, there can be mentioned styrene sulfonic acid, 
sodium styrene sulfonate, potassium styrene sulfonate, 
2-acrylamido~2 -methylpropane sulfonic acid, sodium vinyl 
sulfonate, ammonium methacryl sulfonate and the like. 

As the ethylenically unsaturated carboxylate 
monomer, there can be mentioned methyl acrylate, ethyl 
acrylate, propyl acrylate, butyl acrylate, 2-ethylhexyl 
acrylate, methyl me t hacr y 1 a t e , ethyl me t h a c r y 1 a t e , 
propyl me thacr y late , butyl me thacr ylat e , 2-ethylhexyl 
methacrylate and the like. 

As the aromatic vinyl monomer, there can b.e mentioned 
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styrene, methyl styrene , vinyl toluene, chloros tyrene , 
hydroxymethylstyrene and the like. 

As the e t h.y 1 eni ca 1 1 y unsaturated nitrile monomer, 
there can be mentioned acryioni t r ile , me t h a or y 1 o n i t r i 1 e , 
5 fumaronitrile, a-chloroacrylonitrile, a-cyanoethyl 
acr y 1 oni t r i 1 e and the like. 

The amount of a monovinyl monomer having a sulfonic 
acid group or its salt to be mixed is preferably 0.5 to 
15% by weight, more preferably 1 to 10% by weight, in a 

10 negative charge control resin. If the amount of the 
monovinyl monomer having a sulfonic acid group or its salt 
to be mixed is less than 0.5% by weight, the dispersibility 
of pigments may be inadequate to reduce image density and 
transparency. On the other hand, if the amount of the 

15 monovinyl monomer having a sulfonic acid group or its salt 
to be mixed exceeds 15% by weight, the reduction of a charge 
amount under high - t empe rat ure and high-humidity may be 
increased to cause fog. 

Preferred as the negative charge control resin is 

20 that having a weight average molecular weight of 2,000 
to 50,000, morepreferably4,000 to 40, 000, mos t preferably 
6,000 to 35,000. If the weight average molecular weight 
of the negative charge control resin is less than 2,000, 
a mixture for manufacturing a toner tends to have a too 

25 low viscosity during mixing and a pigment tends to disperse 
non-uniformly. 
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The glass transition temperature of the negative 
charge control resin is preferably 40 to 80 more 
preferably 45 to 75°C, most preferably 45 to 70°C. If the 
glass transition temperature of the negative charge 
5 control resin is below 40®C, shelf stability of the 
resulting toner may become deteriorated. If the glass 
transition temperature exceeds 80°C, fixability of the 
resulting toner may lower. 

As the positive charge control resin , there can 

10 be mentioned: resins having an amino group such as -NH2, 
-NHCH3, -N(CH3)2, -NHC2H5, -N(C2H5)2/ and -NHC2H4OH; and 
resins having a functional group of an ammonium salt which 
is obtained from the above described amino groups. These 
resins can be obtained, for example, by c opo 1 yme r i z i ng 

15 a monovinyl monomer having an amino group with a monovinyl 
monomer copol ymer i zable with the same. Further, the 
copolymer obtained as described above can be modified to 
the ammonium salt thereof to obtain the resin. 
Furthermore, these resins can also be obtained by 

20 copolymerizing a monovinyl monomer having an ammonium salt 
group with a monovinyl monomer copolymerizable with the 
same. However, methods for obtaining these resins are 
not limited to the above described methods. Examples of 
the monovinyl monomer copolymerizable with a monovinyl 

25 monomer having an amino group and the monovinyl monomer 
copolymerizable with a monovinyl monomer having an 
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ammonium salt group include those used for obtaining the 
negative charge control resins. 

As the monovinyl monomer having an amino group, there 
can be mentioned: acr y lamide -ba s ed monomers such as 
5 acrylamide, N-me thy 1 acr ylamide , N , N-dimethy 1 acrylamide 
and N-ethyl acrylamide; methacrylamide-based monomers 
such as me thacr y lamide , N -me t h y Ime t h a c r y 1 ami de , 
N,N"dimethylmethacrylamide and N-ethyl methacrylamide; 
acrylic acid derivatives such as 3 - (dimethylamino) propyl 
10 acrylate; methacrylic acid derivatives such as 

3- (dimethylamino)propyl methacrylate; allylamine; 
styrene derivatives such as 2 -aminos tyrene and 

4- aminostyrene; and the like. 

As the chemicals for modifying the copolymers to 
15 the corresponding ammonium salts, those chemicals 
conventionally used in this field can be used. Specific 
examples of the chemicals include: alkyl halides such as 
methyl iodide, ethyl iodide, methyl bromide and ethyl 
bromide; alkyl p-toluene sulfonates such as methyl 
2 0 p-toluene sulfonate, ethyl p-toluene sulfonate and propyl 
.p-toluene sulfonate; and the like. 

The amount of the monovinyl monomer having a 
functional group such as an amino group or an ammonium 
salt group to be mixed in the positive charge control resin 
25 is preferably 0.5 to 15% by weight, more preferably 1 to 
10% by weight. If the content of the monovinyl monomer 



22 FP310US 

having a functional group is less than 0.5% by weight, 
the dispersibility of a pigment may be inadequate to reduce 
image density and transparency. On the other hand, if 
the content of the monovinyl monomer having a functional 
5 group exceeds 15% by weight, the reduction of a charge 
amount under high- temperature and high-humidity may be 
increased to cause fog. 

Preferred as the positive charge control resin is 
that having a weight average molecular weight of 2,000 

10 to30,000, morepreferably4,000 to25,000, mostpreferably 
6,000 to 20,000. If the weight average molecular weight 
of the positive charge control resin is less than 2,000, 
a mixture for manufacturing a toner tends to have a too 
low viscosity during mixing and a pigment tends to disperse 

15 non -uni f orml y . 

The glass transition temperature of the positive 
charge control resin is preferably 40 to 100°C, more 
preferably 45 to 80°C, most preferably 45 to.70°C. If the 
glass transition temperature is below 4^0, shelf 

20 stability of the resultant toner may become deteriorated. 
If the glass transition temperature exceeds 100°C, 
fixability of the resultant toner may lower. 

In a toner of the present invention, the above 
described negative charge control resin and positive 

25 charge control resin may be used at the same time. The 
preferable proportion of the charge control resins varies 
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depending on whether the resultant electrostatically 
charged image-developing toner is prepared as a negatively 
charged toner or a positively charged toner. For 
obtaining a negatively charged toner, it is necessary to 
5 control so that the molar equivalent of a functional group 
(such as a sulfonic acid group) providing a negative 
charging property in a negative charge control resin is 
larger than that of a functional group (such as a quaternary 
ammonium group) providing a positive charging property 
10 in a positive charge control resin. For obtaining a 
positively charged toner, it is necessary to control 
contr ar ily . 

The amount of above described charge control agent 
used is preferably 0.01 to 30 parts by weight, more 
15 preferably 0.3 to 25 parts by weight, per 100 parts by 
weight of the po 1 yme r i z a b 1 e monomer to be used for 
obtaining the binder resin. 

In the present invention, a parting agent may be 
preferably used as additives for the toner in terms of 
20 improving a low- t empe ratur e fixability, preventing 
filming and the like. 

As the parting agent, there can be mentioned: 
polyolefin waxes such as low molecular weight polyethylene 
and low molecular weight polypropylene; natural plant 
25 waxes such as candelilla, carnauba wax, rice and wood wax; 
petroleum waxes such as paraffin, mi c r o c r y s t a 1 1 i n e wax 
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and pe t rolact am, and dena t ur a t ion s thereof; mineral waxes 
such as montan and ceresin; synthetic waxes such as Fischer 
Tropsch wax; multifunctional ester compounds such as 
pentaerythritol tetramyri state, pentaerythritol 

5 tet rapalmi tate and dipentaery thr itol hexamyri state ; and 
the like. 

Among these parting agents, synthetic waxes 
(particularly Fischer Tropsch wax) and poly functional 
ester compounds are preferred. Po 1 y f unc t i ona 1 ester 

10 compounds are more preferred, which show an endothermic 
peak temperature within the range of, preferably 30°C to 
150°C, more preferably 50°C to 120°C, and most preferably 
60°C to 100°C, measured with a DSC curve by means of a 
differential scanning calorimeter- (DSC) at rising 

15 temperature, because a toner excellent in a balance between 
f ixing-peeling property during fixing is obtained. Of 
these, a dipent a e r y thr i t ol ester compound, which has a 
molecular weight of 1,000 or more, is soluble in styrene 
at 25°C in the proportion of 5 parts by weight or more 

20 based on 100 parts by weight of styrene, and has an acid 
value of 1 0 mg KOH/g or le s s , i s e ve n mo r e p r e f e r r e d , because 
it exhibits a distinguished effect in lowering the fixing 
temperature. The above-mentioned endothermic peak 

temperatures refer to values measured in accordance with 

i 

25 ASTM D3418-82. The amount of the parting agent is 
preferably 0.1 to 20 parts by weight, more preferably 1 
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to 15 parts, by weight, per 100 parts by weight of the 
polymerizable monomer for forming the binder resin. 

The parting agent may be used alone or in combination 
of two or more . 
5 A toner of the present invention may be a particles 

with a core-shell structure (also called capsule type") . 
A core-shell structured particles is preferred in that 
the balance of the reduction of fixing temperature and 
prevention of aggregation during storage can be achieved 

10 by covering the inner part (core layer) made of a material 
having a low softening point with a material having a higher 
softening point than that of the inner part . A core monomer 
for forming the core layer can include a monomer similar 
to a polymerizable monomer for forming a binder resin. 

15 For a core-shell type toner, a polymer forming a 

core layer has a glass transition temperature preferably 
in the range of 0 to 80°C, more preferably in the range 
of 40 to 60°C. If the glass transition temperature exceeds 
80°C, fixing temperature may be higher, and on the other 

20 hand, if the glass transition temperature is lower than 
0°C, shelf stability may decline. 

Moreover, it is necessary to set the glass transition 
temperature of a polymer forming a shell layer to be higher 
than that of a polymer forming a core layer. The glass 

25 transition temperature of a polymer forming a shell layer 
is preferably 50 to 130°C, more preferably .6 0 to 120°C, 
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and most preferably 80 to 110°C, in order to improve the 
shelf stability of a toner. If the glass transition 
temperature is below 50°C, the shelf stability may be 
degraded. On the other hand, if the glass transition 
5 temperature exceeds 130°C, the fixability may be degraded. 
Styrene, acryloni t r i le , methyl methacrylate and the like 
are preferably used as the shell monomer forming a shell 
layer . 

The difference between the glass transition 

10 temperature of a polymer forming a core layer and that 
of a polymer forming a shell layer is preferably 10°C or 
more, more preferably 20°C or more, and most preferably 
30°C or more.- If the difference is smaller than the above 
described values, the balance of shelf stability and a 

15 fixing property may be degraded. 

The proportion by weight of the core layer to the 
shell layer of 'the core-shell structure toner is not 
particularly limited, but is preferably in the range (core 
layer/shell layer) from 80/20 to 99.9/0.1. 

20 If the proportion by weight of the shell layer is. 

smaller than the above range, shelf stability may be 
deteriorated, and on the other hand, when the proportion 
by weight of the shell layer is larger than the above range, 
low- temper a ture fixing may be difficult. 

25 The filtrate obtained by filtering a toner 

dispersion comprising 0.2 g of the toner according to the 
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present invention dispersed in 100 ml of t e t r ahydr o f ur an 
through a filter with a pore size of 0.45 lim, when it is 
measured by a spectrophotometer, has a maximum absorption 
between 380 nm and 400 nm wherein the absorbance at the 
5 maximum absorption is 1 or higher, or has a maximum 
absorption between 640 nm and 680 nm wherein the absorbance 
at the maximum absorption is 0 . 2 or higher, or has a maximum 
absorption between 4 90 nm and 5 60 nm wherein the absorbance 
at the maximum absorption is 0.15 or higher. If the 

10 absorbance at the maximum absorption is smaller than the 
above described range, dispersion of pigments in the toner 
is not adequate, resulting in reduction of the image 
density after fixing. 

When the filtrate obtained by filtering a toner 

15 dispersion comprising 0.2 g of the toner according to the 
present invention dispersed in 100 ml of t e t r ahy d r o f u r a n 
through a filter with a pore size of 0.45 M-m is measured 
by a spectrophotometer, the maximum absorption range 
varies depending on the pigment used. Specifically, when 

20 a yellow pigment is used as a pigment, the above described 
filtrate has a maximum absorption between 380 nm and 400 
nm, preferably between 390 nm and 420 nm, when the filtrate 
is measured by a spectrophotometer. In addition, the 
absorbance at the maximum absorption is 1 or more, 

25 preferably 1.5 or "more, and more preferably 2 or more. 

When a cyan pigment is used as a pigment, the above 
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described filtrate has a maximum absorption between 640 
nm and 680 nm, preferably between 650 nm and 670 nm, when 
the filtrate is measured by a spectrophotometer. In 
addition, the absorbance at the maximum absorption is 0.2 
5 or more, preferably 0.3 or more, and more preferably 0.6 
or more . 

When a magenta pigment is used as a pigment, the 
above described filtrate has a maximum absorption between 
490 nm and 560 nm, preferably between 500 nm and 540 nm, 
10 when the filtrate is measured by a spectrophotometer. In 
addition, the absorbance at the maximum absorption is 0. 15 
or more, preferably 0.3 or more, and more preferably 0.6 
or more . - 

The filtrate obtained by filtering a toner 
15 dispersion comprising 0.2 g of the toner according to the 
present invention dispersed in 100 ml of t e t r a hy dr o f u r a n 
through a filter with a pore size of 0.45 |xm , when it is 
measured by a spectrophotometer, preferably has a color 
difference Ae of 15 or more, more preferably 30 or. more, 
20 relative to t e t r ahy dr o f ur an , in the case where a yellow 
pigment is used as the pigment in the toner. Further, 
in the case where a cyan pigment is used as the pigment 
in the toner, the filtrate prepared as described above 
preferably has a color difference AE of 10 or more, more 
25 preferably 30 or more, relative to t e t r ahy dr o f u r a n , when 
it is measured by a spectrophotometer. Furthermore, in 
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the case where a magenta pigment is used as the pigment 
in the toner, the filtrate prepared as described above 
preferably has a color difference Ae of 5 or more, more 
preferably 10 or more, relative to t e t r ahydr o f ur an , when 
5 it is measured by a spectrophotometer. When the color 
difference AE is below the above described range, 
dispersion of the pigment in the toner may be inadequate, 
resulting in reduction of the image density after fixing. 

The above described filtrate preferably has a ratio 

10 A/(A + B) of 0.1 or more, more preferably 0.3 or more for 
the peak detected at a wavelength of 410 nm (in the case 
where a yellow pigment is used as a pigment) or 540 nm 
(in the case where a magenta pigment is used as a pigment) 
by a UV detector, wherein A denotes the area of a region 

15 where the molecular weight exceeds 2,000 and B denotes 
the area of a region where the molecular weight is from 
500 to 2 , 000, when the filtrate is measured by gel 
permeation chromatography. If A/(A + B) is less than 0.1, 
the image density after fixing may be reduced. 

20 When a magenta pigment is used as a pigment, the 

above described filtrate preferably has a basicity of 10 
mmol/g or less, preferably 0.1 to 7 mmol/g . Since a magenta 
color pigment preferably used in the toner of the present 
invention has high cohesion, for producing a toner of the 

25 present invention, a radically polyme r i z abl e epoxy 
compound or an acid halide is contained. For example. 
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when an acidic resin having a sulfonic acid group is used 
as a charge control resin, it is preferable to add a base 
to a polymer to form a salt of a magenta color pigment. 
Therefore, it is preferable that a base be contained in 
5 the toner of the present inventi o.n , and that the basicity 
of the filtrate is preferably within the above described 
range. Incidentally, the base to be used is described 
below . 

The toner of the present invention has a volume 
10 average particle diameter (Dv) of, preferably, 3 to 10 
^m, more preferably 4 to 8 ^m . If Dv is less than 3 |Lim, 
the charge amount of a toner is reduced to cause fog, and 
on the other hand, if Dv exceeds 10 ^m, resolution may 
decline . 

15 The toner of the present invention has the ratio 

(Dv/Dp) of the volume average particle diameter (Dv) to 
the number average particle diameter (Dp) , i.e. the ratio 
(Dv/Dp) of, generally, 1 to 1.3, preferably 1 to 1.2. If 
Dv/Dp exceeds 1.3, transfer property may be degraded and 
20 fog may be occured. 

Moreover, the value (rl/rs) obtained by dividing 
the length (rl) by the breadth (rs) of the toner is 
preferably 1 to 1.2, more preferably 1 to 1.1. When this 
value is larger than 1.2, transfer property for 
25 transferring a toner image on a photoconduct i ve member 
to a recording material such as paper may be degraded; 
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and the friction between toners may be increased when this 
toner is contained in the toner-containing' part of an 
image - f orming apparatus,, leading to peeling of external 
additives, which may result in degradation of durability. 
5 The toner of the present invention has the pH of 

the aqueous extract solution thereof, preferably, 4 to 
7, more preferably 5 to 7. If the pH of the aqueous extract 
solution is less than about 4, environmental stability 
of the toner may be deteriorated. On the other hand, if 

10 the pH exceeds about 7, the environmental stability may 
be deteriorated. Specifically, the pH of the aqueous 
extract solution of a toner is determined by dispersing 
6 g of the toner in 100 g of ion-exchanged water with a 
pH of about 7, heating and boiling the dispersion for 10 

15 minutes, and then measuring the pH of the dispersion. 

The toner of the present invention has a melt 
viscosity at 120°C of, preferably, 10, 000 Pa-s or less, 
more preferably 100 to 10,000 Pa-s, and most preferably 
1,000 to 8,000 Pa-s. If a melt viscosity at 120°C is within 

20 the above described range, a high-quality image can be 
achieved even by a high-speed printing. Specifically, 
the viscosity can be measured by means of a flow tester. 

Moreover, the softening temperature determined by 
a flow tester is preferably 50 to 80°C, more preferably 

25 60 to 70°C; and the flow starting temperature is preferably 
in the range of 90 to 150°C, more preferably in the range 
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of 100 to 130°C. If the softening temperature is below 
50°C, shelf stability may be degraded. On the other hand. 
If the softening temperature exceeds 80°C, f i x a b i 1 i t y ma y 
be degraded- When the flow starting temperature is below 
5 90°C, hot-offset resistance may be degraded. On the other 
hand, when it exceeds 130°C, fixability may be degraded. 

The toner of the present invention has a glass 
transition temperature determined by a differential 
scanning calorimeter of, preferably, 0 to 80°C, more 

10 preferably 40 to 70°C. If the glass transition 

temperature is below 0°C, shelf stability may be degraded, 
and on the other hand. If the glass transition temperature 
exceeds 80°C, fixability may be degraded. 

The toner of the present invention has a 

15 tet rahydrof uran ( TH F ) - i n s ol ubl e content (also called 
"gel content") of, preferably, 0 to 80% by weight, more 
preferably in the range of 0 to 60% by weight, and most 
preferably in the range of 0 to 40% by weight. If the 
THF-insoluble content exceeds 50%, reduction of gloss and 

20 transparency may occur. The THF-insoluble content can 
be determined by a method to be described below. 

The toner of the present invention has a volume 
resistivity value (log (O-cm) ) determined by a dielectric 
loss measuring device preferably, in the range of 10 to 

25 13, more preferably in the range of 10.5 to 12.5. If the 
volume resistivity value is below 10, fog may be developed. 
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On the other hand. If the volume resistivity value exceeds 
13, toner scattering, fog, filming or poor cleaning may 
occur . 

The toner of the present invention preferably shows. 
5 little change in the charge amount in a high-temperature 
and high-humidity environment (H/H environment) and in 
a low- temper ature and low-humidity environment (L/L 
environment) , that is, it preferably has high so called 
environmental stability. Specifically, the change in the 

10 charge amount between each environment is preferably below 
5 p-C/g. When the environmental stability is low, fog may 
be developed. 

In the toner of the present invention, the number 
of particles of coloring pigment having the length of at 

15 least 0,2 |am, counted in an area of 100 jam x 100 [im of 
the toner having a thickness of 20 jam, which is prepared 
by melting the toner at a temperature of 170°C, is 
preferably 50 or less, more preferably 30 or less, and 
most preferably 20 or less. If the number of coloring 

20 pigment particles with a length of 0.2 p,m or more is large, 
spectral characteristics such as transparency required 
for the reproduction of sharp colors of color images may 
be degraded; fog may increase; and printing density may 
be reduced. The spectral characteristics can be 

25 determined by performing printing solid pattern by color 
using a commercially available printer and measuring the 



34 



FP310US 



color using a spectrophotometer. 

It is preferable to limit the amount of remaining 
metal (ion) in the toner of the present invention. In 
particular, when metal (ion) such as magnesium or calcium 
5 remains in a developer, the developer may absorb moisture 
under a high humidity environment to reduce the flowability 
thereof, adversely affecting the image quality. A 
developer in which the content of magnesium or calcium 
(hereinafter simply referred to as remaining metal) is 

10 low can give good image quality with high printing density 
and no fog by means of a high-speed printer that can print 
30 sheets or more in a minute even under a h i gh - 1 emp e r a t u r e 
and high-humidity environment. The content of remaining 
metal in toner is preferably 170 ppm or less, more 

15 preferably 150 ppm or less, and most preferably 120 ppm 
or less. A method for reducing the content of remaining 
metal in a toner include, for example, a method for 
repeatedly dewatering and washing the toner using a 
wa s h i ng / de hy d r a t i ng machine such as a continuous belt 

20 filter or a siphon peeler centrifuge and the like in a 
dehydration step of a toner production process, and then 
drying the resultant toner. 

The followings are detailed description about the 
method for producing a toner of the present invention. 

25 The toner of the present invention may be produced by mixing 
a pigment, a charge control resin, other additives and 
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the like to a polymer i z able monomer that is a raw material 
for a binder resin, forming droplets of the mixture in 
water, polymerizing the monomer by a method such as 
suspension polyme rization, emu Ision pol yme r i z a t i on , 
5 precipitation polymerization, soap-free polymerization 
or the like, and associating the resulting polymer 
particles with each other, if necessary. Suspension 
polymerization is preferably used in that pigments can 
be uniformly dispersed and a charging property and 

10 transferring property can be improved. Hereinafter, a 
method for producing a toner by suspension polymerization 
is described . 

This method for producing a toner comprises a step 
of polymerizing, in an aqueous dispersion medium, a 

15 poiymerizable monomer composition comprising a 
polymerizable monomer and a pigment, characterized in that 
the above described polymerizable monomer composition 
comprises an epoxy compound or an acid halide, having 
radical p o 1 yme r i z ab i 1 i t y . As described above, 

20 polymerization of a polymerizable monomer composition 
comprising a radically polymerizable epoxy compound or 
an acid halide can provide a toner excellent in 
dispersibili ty of the pigment. 

When a magenta pigment is used as a pigment, it is 

25 preferable to improve di spe r s ibi 1 i t y by adding a base, 
since a magenta pigment has a strong cohesion. As the 
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base to be used, there can be mentioned; alcoholates or 
hydroxides of Na, K, Li and Mg; hydrides of NaBH4 and the 
like; and the like. The amount of the above described 
base to be used is preferably 0.05 to 10 parts by weight, 
5 more preferably 0.2 to 2 parts by weight, relative to 100 
parts by weight of a po 1 yme r i z ab 1 e monomer. 

The pigment to be used in the method for producing 
a toner of the present invention may be added in the form 
of a charge control resin composition in which the pigment 

10: is mixed with a charge control resin. 

An organic solvent is used for preparing the charge 
control resin composition, if necessary. When an organic 
solvent is used, a charge control resin may be dissolved 
or swelled in the organic solvent before mixing. On the 

15 other hand, when an organic solvent is not used, it is 
necessary to warm a charge control resin to a temperature 
where the resin is softened, before mixing. When an 
organic solvent is used, the mixing is preferably performed 
in room temperature or under cooling, since an organic 

20 solvent may evaporate by warming, depending on the boiling 
point of the organic solvent. Incidentally, since the 
problem of bad smell may occur when an organic solvent 
remains in a toner, the organic solvent is preferably 
removed when a charge control resin composition is produced 

25 or after the toner is produced. 

Mixing of the charge control resin and the colorant 
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may be performed using equipment such as a roll, a kneader, 
a single screw extruder, a twin screw extruder, a Banbury 
mixer, a Buss co-kneader, and the like. When an organic 
solvent is used, it is preferred to use the mixing equipment 
5 in a closed system with a structure which prevents leakage 
of the organic solvent to the outside to avoid the problem 
of bad smell and toxicity. Moreover, it is preferable 
to use the mixing equipment having a torque meter, because 
the torque meter enables to monitor the torque level and 

10 control the di s p e r s i b i 1 i t y . 

As described above, the toner includes a single layer 
toner and a core-shell type toner. The followings are 
detailed description about the method for producing the 
core-shell type toner. 

15 A core particle is produced by suspending a 

polymerizable monomer composition ( polymer i z able monomer 
composition for core) comprising a polymerizable monomer 
(polymerizable monomer for core), a charge control resin 
composition in which a pigment is dispersed and other 

20 additives, if necessary, in an aqueous dispersion medium 
containing a dispersion stabilizer, and polymerizing the 
polymerizable monomer for core with a polymerization 
initiator. Next, a core-shell type toner can be obtained 
by further adding a polymerizable monomer (polymerizable 

25 monomer for shell) and a polymerization initiator to the 
resulting mixture as described above, and polymerizing 
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the polymer i zable monomer for shell. 

As specific examples of the process for forming the 
shell, there can be mentioned: a process in which a 
polymer izable monomer for shell is added to the 
5 above-mentioned reaction system of the polymerization 
reaction performed to obtain the core particles, and 
polymerized in-situ continuously; and a process in which 
core particles obtained in a reaction system are provided 
into another, reaction system and a pol ymeri zable monomer 

10 for shell is added and then polymerized. The 
polymerizable monomer for shell can be added at once, or 
continuously or intermittently using a pump such as a 
plunger pump and the like. 

As the polymerization initiator, there can be 

15 mentioned; persulfates such as potassium persulfate and 
ammonium persulfate; azo compounds such as 

4 , 4 ' -a z obi s ( 4 - cy anoval e r i c acid), 

2, 2 ' -azobis {2-methyl-N- (2-hydroxyethyl)propionamide) , 
2, 2 ' - azobis (2-amidinopropane) dihydrochloride, 

20 2 , 2 * - a z obi s ( 2 , 4 - dime t hy 1 va 1 e r oni t r i 1 e ) and 
2,2'-azobisisobutyronitrile; peroxides such as 

di-t-butyl peroxide, benzoyl peroxide, t-butyl 
peroxy-2-ethylhexanoate, t-hexyl 
peroxy-2 -e thy Ihexanoate , t-butyl per oxypi valat e , 

25 diisopropyl pe roxydicarbona t e , di-t-butyl 

peroxyisophthalate and t-butyl peroxyisobutylate; and 
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the like. In addition, redox initiators, which is 
prepared by combining the above described polymerization 
initiator with a reducing agent, may also be used. 

Among the above described polymerization initiators, 
5 an oil-soluble polymerization initiator is preferably 
used to polymerize a pol yme r i z abl e monomer for core, and 
a water-soluble polymerization initiator is preferably 
used to polymerize a po 1 yme r i z ab 1 e monomer for shell. 

The amount of the polymerization initiator for use 

10 in the polymerization of the po 1 yme r i z ab 1 e monomer for 
core is preferably 0.1 to 20 parts by weight, more 
preferably 0.3 to 15 parts by weight, and most preferably 
0.5 to 10 parts by weight, relative, to 100 parts by weight 
of the po 1 yme r i z abl e monomer. The" polymerization 

15 initiator may be added in the polymer i zable monomer 
composition in advance, or may optionally be added to the 
suspension after completing the step of forming droplets. 
The amount of the polymerization initiator for 
polymerizing the po 1 yme r i z ab 1 e monomer for shell is, on 

20 the basis of an aqueous medium, generally 0.1 to 50 parts 
by weight, preferably 1 to 30 parts by weight, relative 
to 100 parts by weight of the po 1 yme r i z abl e monomer. If 
the amount is less than 0.1 part by weight, polymerization 
may proceed more slowly, reducing productivity. On the 

25 other hand. If the amount exceeds 50 parts by weight, the 
molecular weight of a resulting polymer may be reduced. 
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degrading shelf stability. 

Moreover, at the time of polymerization, a 
dispersion stabilizer may be added to the reaction system. 
As the dispersion stabilizer, there can be mentioned; metal 
5 salts such as sulfates such as calcium sulfate, carbonates 
such as calcium carbonate and magnesium carbonate, and 
phosphates such as calcium phosphate; metal hydroxides 
such as a lumi num hydroxide, magnes ium hydroxide and ferric 
hydroxide; water-soluble polymers such as polyvinyl 

10 alcohol, methylcellulose and gelatin; anionic 
surfactants, nonionic surfactants and amphoteric 
surfactants; and the like. These dispersion stabilizers 
may be used alone or in combination of two or more. 

Among the above dispersion stabilizers, a dispersion 

15 stabilizer comprising a colloid of a hardly water-soluble 
metal hydroxide is particularly preferred, since it can 
narrow the particle size distribution of a polymer 
particles; the remaining amount of the dispersion 
stabilizer after washing is small; and it can sharply 

20 reproduce images. The dispersion stabilizer comprising 
a colloid of a hardly water-soluble metal hydroxide is 
not limited by the production methods thereof. However, 
a colloid of a hardly water-soluble metal hydroxide 
obtained by increasing the pH of an aqueous solution of 

25 a water-soluble multivalent metal compound to 7 or higher, 
particularly a colloid of a hardly water-soluble metal 
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hydroxide produced by reacting a water-soluble 
multivalent metal compound with a. hydroxide of an alkali 
metal, is preferably used. 

When a colloid of a hardly water-soluble metal 
5 hydroxide is used, it preferably has a number particle 
diameter distribution D50 (50% cumulative value of the 
number particle diameter distribution) of 0.5 ^im or less 
and D90 (90% cumulative value of the number particle 
diameter distribution) of 1 ^.m or less. If the particle 

10 diameter of a colloid increases, the stability of 
polymerization may be degraded to degrade the shelf 
stability of a toner. 

The amount of the above described dispersion 
stabilizer to be used is preferably 0.1 to 20 parts by 

15 weight relative to 100 parts by weight of a polymeri zable 
monomer. If the amount of the dispersion stabilizer is 
less than 0 . 1 part by weight, it may be difficult to achieve 
sufficient polymerization stability and polymerization 
aggregates may be easily produced. On the other hand, 

20 If the dispersion stabilizer is used in an amount exceeding 
20 parts by weight, the particle diameter of a toner after 
polymerization may be too small, which may not be 
practical . 

A molecular weight modifier is preferably used as 
25 one of additives during polymerization reaction. As the 
molecular weight modifier, there can be mentioned 
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mercaptans such as t-dodecyl mercaptan, n-dodecyl 
mercaptan, n-octyl mercaptan and 

2 , 2 , 4 , 6 , 6-pentamethylheptane-4 -thiol and the like. The 
molecular weight modifier may be added before or during 
5 polymerization reaction. The molecular weight modifier 
is used preferably 0.01 to 10 parts by weight, and more 
preferably 0.1 to 5 parts by weight, per 100 parts by weight 
of the polymerizable monomer used. 

The temperature for suspension polymerization is 

10 preferably 40°C or higher, more preferably 50 to 90°C. The 
reaction time is preferably 1 to 20 hours, more preferably 
2 to 10 hours. After the completion of .polymerization, 
it is preferable to perform washing with acid or alkali 
in order to remove a dispersion stabilizer, filtrate toner 

15 particles, repeat washing and dehydration several times 
if necessary, and then dry the resultant toner particles, 
according to a conventional method. 

The toner of the present invention can be used, as 
it is, for development in electrophotography. Generally, 

20 however, it is pref.errable that the toner is used after 
a fine particles having a smaller particle diameter than 
that of the toner particles (the fine particles will be 
referred to hereinafter as an external additive) are 
adhered to or buried into the surfaces of the toner 

25 particles, in order to adjust the charging properties, 
flowability and shelf stability of the toner. 
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Examples of the external additives are inorganic 
particles and organic resin particles and the like. 
Specific examples of the inorganic particles include 
silicon dioxide, aluminum oxide, titanium oxide, zinc 
5 oxide, tin oxide, barium titanate, strontium titanate and 
the like. Specific examples of the organic resin 
particles include methacrylic ester polymer particles, 
acrylic ester polymer particles, s t y r ene-me t hacr ylic 
ester copolymer particles, s tyrene -aery lie ester 

10 copolymer particles, zinc stearate, calcium stearate, 
core-shell structure particles having a core formed of 
a styrene polymer and a shell formed of a methacrylic ester 
copolymer and the like. In the case of a 

magne tic-one -component developer, it may contain iron, 

15 cobalt, nickel or alloys mainly composed of these metals, 
or oxides such as ferrites. Of these particles, inorganic 
oxide particles, particularly silicon dioxide particles, 
are preferred. Moreover, these fine particles having 
their surface hydrophobic itizing -treated are preferred. 

20 Silicon dioxide particles having their surface 
hydr ophobici ti zing -treated are especially preferred. 
The amount of external additives is not particularly 
limited, but it is preferably 0.1 to 6 parts by weight 
per 100 parts by weight of toner particles. External 

25 additives may be used in combination of two or more. When 
external additives are used in combination, a method is 
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preferred in which inorganic particles with different 
average particle diameters, or inorganic particles and 
organic particles, are used in combination. Deposition 
of external additives to the above described toner 
5 particles is achieved typically by charging the external 
additives and the toner particles in a mixer such as a 
Henschel mixer and stirring the mixture. Further, when 
a toner is prepared by the above described polymerization 
in water, a wet process may be used in which, for example, 
10 an external additive dispersed in water is mixed and 
stirred with a water dispersion of toner particles, 
followed by spray drying the mixed dispersion. 

Examples 

15 The present invention is hereinafter to be described 

more specifically by the following examples. Such 
examples, however, are not to be construed as limiting 
in any way the scope' of the present invention. All 
designations of "part" or "parts" and used in the 

20 following examples mean part or parts by weight and wt . % 
unless expressly noted. 

In the examples, the toner was evaluated by the 
following tests. 
1. Toner Characteristics 

25 (1) Particle diameter of toner 

The volume average particle diameter ( Dv ) of toner 
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particles and the particle diameter d i s t r i bu t i o n ( D v / Dp ) , 
i.e., the ratio of the volume average particle diameter 
(Dv) to the number average particle diameter (Dp), were 
measured by means of a particle diameter measuring device 
5 CMul tisizer " , manufactured by Beckman Coulter Inc.). 
The measurement by the Multisizer was conducted under the 
following conditions: 

Aperture diameter: 100 ^m; 
Medium: Isothone II; and 

10 Number of particles measured: 100,000 particles. 

( 2 ) Toner shape 

As for the shape of toner particles, a photograph 
of the toner particles was taken with a scanning electron 
microscope; the photograph was read with a Nexus 9000 image 

15 processing ' unit ; and a value obtained by dividing the 
length by the breadth (rl/rs) of a toner was determined. 
Specifically, the number of toner particles subjected to 
the measurement was 100. 
(3) Di s p e r s i bi 1 i t.y of pigment 

20 An appropriate amount of a toner is placed on a 

slide-glass and a cover-glass is placed on top of the 
thus-placed toner. They were heated to 170 °C by using a 
hot-plate, thereby the toner wa s melt ed . Then, themelted 
toner was pressed by pressing the cover-glass. An area 

25 of the pressed toner is observed, which is 20 |J.m thick 
by a thickness meter (trade name: K-402B, manufactured 
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i by Anritsu Corporation). The number of colorant 

particles having a length of at least 0.2 [xm in an area 
of 100 |J.m^ of the toner sheet was counted using a portion 
of the toner sheet having a thickness of 20 M-nt , which was 
5 evaluated in accordance with the following evaluation 
standard: 

good: the number of pigment particles with a length 
of 0.2 Kim or more present in 100 M-m^ is 20 or less; 

fair: the number of pigment particles with a length 

10 of 0.2 |xm or more present in 100 jim^ is in the range of 
more than 20 to 50; and 

' poor: the number of pigment particles with a length 
of 0.2 \xm or more present in 100 ^m^ is more than 50. 
(4) Absorbance and color difference 

15 A toner (0.2 g) was dispersed in 100 ml of THF. The 

toner dispersion was filtered through a filter with a pore 
size of 0,45 \xm (GL Ch r oma t od i s c , nonaqueous, pore size: 
0.45 manufactured by Kurabo Industries Ltd. ) to remove 

insolubles and pigments with a large particle diameter. 

20 The dispersion from which insolubles and pigments with 
a large particle diameter are removed was transferred to 
a 1 cm thick cell f o r • me a s u r i ng transparency, and was 
subjected to the measurement of absorbance and 
chromaticity coordinates in the L* a* b* color system by 

25 means of a spectrophotometer (trade name: SE-2000, 
manufactured by Nippon Denshoku Industries, Co. , Ltd. ) . 
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The color difference Ae between the dispersion and THF 
solvent was determined from the measured values according 
to the following equation: 

AE* = {(Al*)^ + (Aa*)2 + {Ab*)2)^^^ 
5 (5) . GPC area ratio 

Gel permeation chromatography was performed in the 
following conditions. The area of a region where the 
molecular weight exceeds 2 , 000 (A) and the area of a region 
where the molecular weight is from 500 to 2,000 (B) were 
10 determined, in the peak detected at a wavelength of 410 
nm or 540 nm by a UV detector, and A/(A+B) was calculated 
(hereinafter referred to as a GPC area ratio). 

Measurement Conditions for the measurement are as 
follows: 
15 Measuring Equipment: 

Main body: HLC-8120GPC (manufactured by Tosoh 
Corporation ) , 

UV/visible light detector: UV-8020 (manufactured 
by Tosoh Corporation), 
20 Controller: SC-8020 (manufactured by Tosoh 

Corporation ) , 

Solvent: THF 1 ml/min. 

Column: LF-804 Shodex 2 pieces (manufactured by 
Showa Denko K.K-), 
25 Conversion to polystyrene, RI detection, UV/visible 

light detection. 
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(6) Shelf stability 

A toner was put in a sealable container. The 
container was sealed and then placed in a constant 
temperature water bath at a temperature of 55°C for 8 hours . 
5 Then, it was taken out of the bath and transferred onto 
a 42-mesh sieve with extra care so as not to break the 
structure of the toner. The sieve was shaken for 30 seconds 
on a powder measuring equipment (tradename: Powder Test er , 
manufactured by Ho s o ka wami c r on Corporation) in which the 

10 intensity of the shaking was set at 4.5. Then, the weight 
of the toner remaining on the sieve was measured, and it 
was defined as the weight of the aggregated toner. The 
shelf stability of the toner {% by weight) was calculated 
from the weight of the aggrega ted . tone r and that of the 

15 sample. Incidentally, a toner having a smaller shelf 
stability of toner (% by weight) is a better one. 

(7) PH of the aqueous extract solution 

A toner (6 g) was dispersed in 100 g of ion-exchanged 
water with a pH of about 7, and the dispersion was heated 
20 and boiled for 10 minutes, and then the pH of the dispersion 
(extract solution) was measured. 

(8) Basicity of filtrate 

The dispersion used in (4) was titrated with a 0.01 
N perchloric acid solution in methyl isobutyl ketone. The 
25 basicity of the filtrate was determined from the amount 
of the perchloric acid solution in methyl isobutyl ketone 
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required for neutralization. 

2. Evaluation of Image Quality 

(1) Image density 

Printing paper was set in a commercially available 
5 non-magnetic-one-component developing type printer 
(trade name: Microline 3010c, manufactured by Oki Data 
Corporation) . A toner was put in a developing device of 
the printer, and was left standing over a day and a night 
under the (N/N) environment of a temperature of 23°C and 

10 a humidity of 50%. Then, printing was performed at a image 
density of 5% . After 10 sheets were printed, solid pattern 
was printed. The printed solid pattern was measured for 
image density using a color reflection densitometer (trade 
name: 404A, product of X-rite Inc.) . Specifically, the 

15 amount of toner was 0.35 mg/cm^. 

(2) Environmental durability and stability 
Printing paper was set in a commercially available 

non-magnet i c-one - component developing type printer 
(trade name: Microline 3010C, product of Oki Data 

20 Corporation), and a toner was put in a developing device 
of the printer. The toner was left standing over a day 
and a night under the (L/L) environment of a temperature 
of 10°C and a humidity of 20%, the (N/N) environment of 
a temperature of 23°C and a humidity of 50%, or (H/H) 

25 environment of a temperature of 35°C and a humidity of 
80%. Then, p r i n t i ng wa s con t i nuou s 1 y pe r f o rmed a t a ima g e 
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density of 5% from the beginning, and solid pattern was 
printed every 500 pieces .of paper. The printed solid 
pattern was measured for image density using a color 
reflection densitometer (trade name: 404A, manufactured 
5 byX-rite Inc. ) . At the same time, aftereach solidpattern 
was printed, plain pattern was printed and the printing 
was suspended. The developed toner on the 

phot oconduct i ve member was stripped off and collected by 
sticking with an adhesive tape (trade name: Scotch Mending 

10 Tape 810-3-18, manufactured by Sumitomo 3M Limited). 
Then the adhesive tape was pealed to stick it on a new 
sheet of paper to measure ''hue (B)," using a 
spectrophotometer (trade name: SE2000, manufactured by 
Nippon Denshoku Industries Co., Ltd.). As a control, an 

15 adhesive tape alone was attached on another new sheet of 
paper to measure ''hue (A) Fog value was calculated and 

denoted as a color difference Ae* after hue values were 
expressed as a coordinate in an L* a* b* space. Number of 
sheets was counted that can be continuously printed while 

20 maintaining the quality of images in which the image 
density is 1.3 or more and the fog value is 1 or less. 
The test printing was terminated when the number of sheets 
reached 10,000. Incidentally, larger number of sheets 
that can be continuously printed while maintaining the 

25 above described image quality is evaluated to show better 
environmental durability and stability. 
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(3) Gloss 

The solid pattern printing image which was used for 
measuring the image density in (1) was used for measuring 
gloss by means of a gloss meter (trade name: VGS-SENSOR, 
5 manufactured by Nippon Denshoku Industries Co., Ltd.) at 
an angle of incidence on the image of 75°. 

(4) Cockle 

A toner in an amount of 0.6 mg/cm^ was fixed on paper 
of A4 size, and the level of the warpage at the end of 
10 the paper was observed. The paper that has a smaller level 
of warpage is evaluated to have better toner 
characteristics . 



Production Example 1 
15 Production of a negative charge control resin 

. compos i t i o n 

A negative charge control resin (100 parts; weight 
average molecular weight: 20,000, glass transition 
temperature: 65 *C ) , obtained by polymerizing 82 % of 

20 styrene, 11% of butyl acrylate and 7% of 
2 -acr y lamide - 2 -me thy Ipr opane su f onic acid, was dispersed 
in 24 parts of methyl ethyl ketone and 6 parts of methanol, 
and they were mixed and kneaded by a roll with cooling. 
After the resulting mixture was winded on the roll, 100 

25 parts of a yellow pigment (C.I. Pigment -'Yellow 180, 
manufactured by Clariant Int. , Ltd. ) was gradually added. 
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and they were mixed and kneaded for 1 hour, to manufacture 
a negative charge control resin composition. During this 
period, the clearance between the rolls was initially 1 
mm, broadened gradually, to finally to 3 mm, and an organic 
5 solvent (a solvent mixture of methyl ethyl ketone /methanol 
= 4/1) was added occationally according to mixing and 
kneading condition of the negative charge control resin 
compos i t i on . 

Toluene was added to a portion of the negative charge 
10 control resin thus-obtained, to obtain 5% toluene solution 
of the negative charge control resin composition. Then, 
the thus -obtained solution was coated on a glass plate 
using a doctor blade having a thickness of 30 fxm and dried. 
No particle having a length of at least 0.2 jam by observing 
15 the sheet by optical micrograph. 

Production Example 2 

Production of a negative charge control resin 
composition 

20 A negative charge control resin composition was 

obtained in the same way as in Production Example 1, except 
that a yellow pigment was replaced with a cyan pigment 
(C.I. Pigment Blue 15:4; manufactured by Clariant Int., 
Ltd . ) . 

25 Toluene was added to a portion of the negative charge 

control resin thus -obtained to obtain 5% toluene solution 
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of the negative charge control resin composition. Then, 
the thus -obtained solution was coated on a glass plate 
using a doctor blade having a thickness of 30 [im and dried. 
No particle having a- length of at least 0.2 ^.m by observing 
5 the sheet by optical micrograph. 

Production Example 3 

Production of a negative charge control resin 
composition 

10 A negative charge control resin (100 parts; weight 

average molecular weight: 20,000, glass transition 
temperature: 65 °C ) , obtained by polymerizing 82 % of 
styrene, 11% of butyl acrylate and 7% of 
2-acrylamide-2-methylpropanesuf onic acid, was dispersed 

15 in 24 parts of methyl ethyl ketone and 6 parts of methanol, 
and they were mixed and kneaded by a roll with cooling. 
After the resulting mixture was winded on the roll, 100 
parts of (C.I. Pigment Red 122, manufactured by Clariant 
Int., Ltd.) was gradually added, and 1 part of an ethanol 

20 solution of potassium ethoxide (a concentration of 50% 
by weight) was further added, and they were mixed and 
kneaded for 1 hour, to manufacture a negative charge 
control resin composition. During this period, the 
clearance between the rolls was initially 1 mm, broadened 

25 gradually, to finally to 3 mm, and an organic solvent (a 
solvent mixture of methyl ethyl ketone /methanol = 4/1) 
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was added occationally according to mixing and kneading 
condition of the negative charge control resin composition 
Furthermore, 0.5 g of the negative charge control resin 
composition was collected, and 20 ml of water was added 
to the composition. The mixture was sufficiently shaken 
and served for measuring pH . The ethanol solution of 
potassium ethoxide (a concentration of 50% by weight) was 
added by a small amount until the pH reaches 7 , 

Toluene was added to a portion of the negative charge 
control resin t hu s - o b t a i n e d to obtain 5% toluene solution 
of the negative charge control resin composition. Then,, 
the thus -obtained solution was coated on a glass plate 
using a doctor blade having a thickness of 30 M^m and dried. 
No particle having a length of at least 0.2 |am by observing 
the sheet by optical micrograph. 

Further, a water dispersion prepared by dispersing 
6 g of the pigment used in 100 ml of i on- ex changed water 
having a pH of 7 had a pH of 6.7. 

Example 1 

An aqueous solution containing 6.9 parts of sodium 
hydroxide (alkali metal hydroxide) dissolved in 50 parts 
of ion-exchanged water was gradually added to an aqueous 
solution containing 9.8 parts of magnesium chloride 
(water-soluble polyvalent metallic salt) dissolved in 250 
parts of i on - e X cha n g e d water, with stirring, to prepare 
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a magnesium hydroxide colloidal dispersion (colloid of 
hardly water-soluble metal hydroxide). As for the 
particle distribution of the above described colloid 
produced, the number average particle diameter D50 (50% 
5 cumulative value of the number particle diameter 
distribution) and D90 (90% cumulative value of the number 
particle diameter distribution) of the droplets were 
determined by a particle size analyzer (trade name: SALD 
2000A, product of Shimadzu Corporation) . The measurement 
10 by the particle size analyzer was performed under the 
following conditions: refractive index = 1.55-0.201, 
ultrasonic irradiation time = 5 minutes, and a 10% solution 
of salt as a dispersion medium during the measurement of 
droplets . 

15 A polymer i zable monomer composition for core 

comprising 90 parts of styrene, 9.5 parts of butyl 
acrylate, 0.5 part of glycidyl me thacr yla t e , 0.3 part of 
diviny Iben zene , and 0.25 part of a polymethylmethacrylate 
macromer (trade name: AA-6, manufactured by Toagosei Co. , 

20 Ltd.) and 10 parts of a master batch that is a negative 
charge control resin composition obtained in Product 
Example 1, was di s s o 1 ved /di spe r s ed to obtain a solution, 
to which 3 parts of t-dodecyl mercaptan and 10 parts of 
dipent aery thr i tol hexamyris ta te were added, stirred and 

25 mixed to be uniformly dispersed therein to obtain a 
po 1 yme r i z abl e monomer composition for core. 
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Separately, 2 parts of methyl methacry la te and 100 
parts of water were subjected to finely-dispersing 
treatment using an ultrasonic emulsifier to obtain an 
aqueous dispersion of a po lyme r i z abl e monomer for shell. 
5 The particle diameter of the droplets of the p o 1 yme r i z ab 1 e 
monomer for shell was determined by a particle size 
analyzer (tradename: SALD 2000A, ma nu f a c t u r e d b y S h ima d z u 
Corporation) . D90 was found to be 1.6 |am . 

The above po 1 yme r i z ab 1 e monomer composition for core 

10 wa s pour e d i n t o t h e abo ve CO 1 1 oi da 1 di s pe r s i on o f ma g n e s i um 
hydroxide, and the mixture was stirred until droplets 
became stable. After stabilization of the droplets, 6 
parts of t-butyl pe r oxy-2 -ethy Ihexanoate (trade name: 
Perbutyl O, manufactured by NO F Corporation) was added. 

15 The resultant monomer mixture was stirred for 30 minutes 
at 15,000 rpm under high s h e a r i n g . f o r ce by means of Ebara 
Milder (trade name: MDN303V, manufactured by EBARA Corp. ) 
to form finer droplets of the polymer i zable monomer 
composition for core. The thu s - pr epa r ed aqueous 

20 dispersion containing the droplets of the po 1 y me r i z ab 1 e 
monomer composition for core was provided into a reactor 
equipped with agitating blades. The polymerization 
reaction was initiate at 90°C. At the time the conversion 
of the monomer into a polymer reached almost 100%, a 

25 reaction product in the reactor was sampled to measure 
the particle diameter of a core. The core had a particle 
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diameter of 7.3 |xm . The above aqueous dispersion of the 
polymer i zable monomer for shell and 0.2 part of a 
water-soluble polymerization initiator (trade name: 
VA-086, manufactured by Wako Pure Chemical Industries, 
5 Ltd. ) (2, 2 ' -azobis{ 2--methyl-N- (2-hydroxyethyl) -propion 
amide} ) dissolved in 65 parts of distilled water were added 
to the reactor. After the polymerization reaction was 
continued for 4 hours, the reaction was stopped, to obtain 
an aqueous dispersion of core-shell structure toner 

10 particles having a pH of 9.5. 

While stirring the aqueous dispersion of core-shell 
structure toner particles obtained above, the pH of the 
system was adjusted to 5 or lower, by adding sulfuric acid, 
for 10 minutes at 25°C to refer as acid-washing. This 

15 dispersion was then dehydrated by filtration. Then, 500 
parts of ion-exchanged water was added to form a slurry 
again and conduct washing with water. Then, the 
dehydration and water washing procedure was repeated 
several times. Thereafter, solid content was separated 

20 by filtration and dried with a dryer for 2 days and nights 
at 45°C, whereby a toner particles was obtained. 

The dried toner particles was taken out for 
me a s u r eme-n t . The results were that volume average 
particle diameter ( Dv ) was 7.3 jam , volume average particle 

25 diameter ( Dv ) / number average particle diameter (Dp) was 
1.21, rl/rs was 1.1. Furthermore, the number of pigment 
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particles with a length of 0.2 |im or more present in 100 
|xm^ was counted, and the number of pigment particles with 
a length of 0.2 \im or more in 100 jim^ was found to be 5 
pieces . 

5 To 100 parts of the toner particles obtained above, 

there was added 0.6 part of colloidal silica (RX-200, 
manufactured by Nihon Aerosil Co. Ltd.) subjected to a 
hydrophobici ty-imparting treatment. They were mixed by 
means of a Henschel mixer to prepare a negatively charged 
10 toner. The thus obtained toner for developing the 
electrostatic image was evaluated in the above manner. 
The results are shown in Table 1. 

Example 2 

15 A toner particles was obtained in the same way as 

in Example 1, except that a monomer composition comprising 
of 90 parts of styrene, 8 parts of butyl acrylate and 2 
parts of glycidyl methacrylate was used as the 
polymeri zable monomer composition for core. 

20 Thus obtained toner particles had a volume average 

particle diameter (Dv) of 7.1 fam and a ratio of the volume 
average particle diameter (Dv) /number average particle 
diameter (Dp) of 1.19. Further, the toner particles had 
a r a t i o o f r 1 / r s o f 1 . 1 . Furthermore, t h e numbe r o f p i gme n t 

25 particles with a length of 0.2 p<m or more present in 100 
\im^ was counted, and the number of pigment particles with 
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a length of 0.2 or more in 100 |am^ was found to be 5 

pieces . 

The resulting toner particles was subjected to the 
same procedure as in Example 1, whereby a toner were 
5 obtained. The properties of the resulting toner, the 
resulting image and so on were evaluated in the same manner 
as in Example 1. The results are shown in Table 1. 

Example 3 

10 A toner particles was obtained in the same way as 

in Example 1, except that a monomer composition comprising 
of 90 parts of styrene, 6 parts of butyl acrylate and 4 
parts of glycidyl methacrylate was used as the 
polymerizable monomer composition for core. 

15 Thus obtained toner particles had a volume average 

particle diameter ( Dv ) of 7.4 ^m and a ratio of the volume 
average particle diameter (Dv) /number average particle 
diameter (Dp) of 1.16. Further, the toner particles had 
aratioof rl/rsofl.l. Furthermore, thenumberofpigment 

20 particles with a length of 0.2 |im or more present in 100 
l-im^ was counted, and the number of pigment particles with 
a length of 0.2 \im or more in 100 )am^ was found to be 7 
pieces . 

The resulting toner particles was subjected to the 
25 same procedure as in Example 1, whereby a toner was obtained- 
The properties of the resulting toner, the resulting image 
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and so on were evaluated in the same manner as in Example 
1. The results are sh o'w n in Table 1. 

E X amp 1 e 4 

5 A Toner particles was obtained in the same way as 

in Example 1, except that a monomer composition comprising 
of 90 parts of styrene, 9.5 parts of butyl acrylate and 

0. 5 parts of glycidyl allyl ether was used as the 
polymerizable monomer composition for core. 

10 Thus obtained toner particles had a volume average 

particle diameter (Dv) of 7.2 fim and a ratio of the volume 
average particle diameter (Dv) /number average particle 
diameter (Dp) of 1.13. Further, the toner particles had 
a ratio of rl/rs of 1.1, and had a 

15 tetrahydrof uran-insoluble content of 0%. Furthermore,* 
the number of pigment particles with a length of 0.2 \xm 
or more present in 100 ^m^ was counted, and the number 
of pigment particles with a length of 0.2 ^im or more in 
100 |im^ was found to be 6 pieces. 

20 The resulting toner particles was subjected to the 

same procedure as in Example 1, whereby a toner was obtained 
The properties of the resulting toner, the resulting image 
and so on were evaluated in the same manner as in Example 

1. The results are shown in Table 1. 
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Comparative Example 1 

A polymer i zable monomer composition for core 
comprising of 90 parts of styrene and 10 parts of butyl 
acrylate, 5 parts of a negative charge control resin 
5 (weight average molecular weight: 20,000, glass 
transition temperature: 65°C) prepared by polymerizing 
82% of .styrene, 11% of butyl acrylate and 7% of 
2 - a cr y 1 amide - 2 -me thy Ipr opane sulfonic acid, and the 
yellow pigment (C.I. Pigment Yellow 180; manufactured by 

10 Clariant Int. Ltd.) were di s s o 1 ve d / di s p e r s e d to obtain 
a solution, to which 3 parts of t-dodecyl mercaptan and 
10 parts of dipentaer y thri tol h e xamy r i s t a t e were added, 
stirred and mixed to be uniformly dispersed therein to 
obtain a polymer i zable monomer composition for core. 

15 Separately, 2 parts of methyl methacrylate and 100 

parts of water were subjected to finely-dispersing 
treatment using an ultrasonic emulsifier to obtain an 
aqueous dispersion of a polymer i z able monomer for shell. 
The particle diameter of the droplets of the p o 1 yme r i z ab 1 e 

20 monomer for shell was determined by a particle size 
analyzer (tradename: SALD 2000A, manuf actur ed by Shimadzu 
Corporation) . D90 was found to be 1.8 jam. 

The above p o 1 yme r i z ab 1 e monomer composition for core 
was poured into the colloidal dispersion of magnesium 

25 hydroxide used in Example 1 (weight of the colloid: 4.0 
parts) , and the mixture was stirred until droplets became 
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stable. After stabilization of the droplets, 6 parts of 
t-butyl peroxy-2 -ethylhexanoate (trade name: Perbutyl O, 
manufactured by NOF Corporation) was added. The 
resultant monomer mixture was stirred for 30 minutes at 
5 15,000 rpm under high shearing force by means of Ebara 
Milder (trade name: MDN303V, manufactured by EBARA Corp. ) 
to form finer droplets of the po 1 yme r i z a bl e monomer 
composition for core. The thus -prepared aqueous 

dispersion' containing the droplets of the polymeri zable 

10 monomer composition for core was provided into a reactor 
equipped with agitating blades. The polymerization 
reaction was initiate at 90°C. At the time the conversion 
of the monomer into a polymer reached almost 100%, a 
reaction product in the reactor was sampled to measure 

15 the particle diameter of a core. The core had a particle 
diameter of 7.2 )^m . The above aqueous dispersion of the 
polymerizable monomer for shell and 0.2 part of a 
water-soluble polymerization initiator (trade name: 
VA-086, manufactured by Wako Pure Chemical Industries, 

20 Ltd. ) (2, 2 ' -azobis{ 2-methyl-N- (2-hydroxyethyl) -propion 
amide} ) dissolved in 65 parts of distilled water were added 
to the reactor. After the polymerization reaction was 
continued for 4 hours, the reaction was stopped, to obtain 
an aqueous dispersion of core-shell structure toner 

25 particles having a pH of 9.5. 

While stirring the aqueous dispersion of core-shell 
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structure toner particles obtained above, the pH of the 
system was adjusted to 5 or lower by adding sulfuric acid, 
for 10 minutes at 25°C to refer- as a c i d - wa s h i n g . This 
dispersion was then dehydrated by filtration. Then, 500 
5 parts of i on- exchanged water was added to form a slurry 
again and conduct washing with water. Then, the 
dehydration and water wa.shing procedure was repeated 
several times. Thereafter, solid content was separated 
by filtration and dried with a dryer for 2 days and nights 

10 at 45°C, whereby a toner particles was obtained. 

The dried toner particles was taken out for 
measurement- The results were that volume average 
particle diameter (Dv) was 7.2 |4,m , volume average particle 
diameter (Dv)/ number average particle diameter (Dp) was 

15 1.29, rl/rs was 1.1. Furthermore, the number of pigment 
particles with a length of 0.2 p,m or more present in 100 
[im^ was counted, and the number of pigment particles with 
a length of 0.2 |im or more in 100 \xm^ was found to be 23 
pieces . 

20 The resulting toner particles were subjected to the 

same procedure as in Example 1, whereby a toner was obtained 
The properties of the resulting toner, the resulting image 
and so on were evaluated in the same manner as in Example 
1. The results are shown in Table 2. 



25 
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Comparative Example 2 

A toner particles was obtained in the same way as 
in Example 1, except that a monomer composition comprising 
of 90 parts of styrene and 10 parts of butyl acrylate was 
5 used as the polymer i zable monomer composition for core. 

Thus obtained toner particles had a volume average 
particle diameter (Dv) of 7.3 ^im and a ratio of the volume 
average particle diameter (Dv) /number average particle 
diameter (Dp) of 1.25. Further, the toner particles had 
10 a r a t i o o f r 1 / r s o f 1 . 2 . Furthermore, the numbe r of pigment 
particles with a length of 0.2 [im or more present in 100 
^m^ was counted, and the number of pigment particles with 
a length of 0.2 \im or more in 100 ^m^ was found to be 23 
pieces . 

15 The resulting toner particles was subjected to the 

same procedure as in Example 1, whereby a toner was obtained 
The properties of the resulting toner, the resulting image 
and so on were evaluated in the same manner as in Example 
1. The results are shown in Table 2. 

20 

Comparative Example 3 

A toner particles was obtained in the same way as 
in Comparative Example 1 , except that a monomer compos it ion 
comprising of 90 parts of styrene, 8 parts of butyl acrylate 
25 and 2 parts of an epoxy resin was used as the po 1 yme r i z ab 1 e 
monomer composition for core. 
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Thus obtained toner particles had a volume average 
particle diameter (Dv) of 7.2 \xm and a ratio of the volume 
average particle diameter (Dv) /number average particle 
diameter (Dp) of 1.29. Further, the toner particles had 
aratioofrl/rsofl..2. Furthermore, the number of pigment 
particles with a length of 0.2 )im or more present in 100 
|im^ was counted, and the number of pigment particles with 
a length of 0.2 \xm or more in 100 ^im^ was found to be 38 
pieces . 

The resulting toner particles was subjected to the 
same procedure as in Example 1, whereby a toner was obtained 
The properties of the resulting toner, the resulting image 
and so on were evaluated in the same manner as in Example 
1. The results are shown in Table 2. 



66 



FP310US 



Table 1 





Example 
1 


Example 2 


Example 
3 


Examp 1 e 
4 


Toner properties 










Volume average 
particle diameter 

(m) 


7. 3 


7. 1 


7. 4 


7. 2 


Particle 
diameter 
distribution 




1 1 Q 




1 1 


Ave rage 
spher i city 


1, 1 


1. 1 


1. 1 


1. 1 


Maximum 

absorption 
wavelength (nm) 


410 


410 


410 


410 


Absorbance 


1. 3 


1. 6 


2. 1 


1 . 5 


Color difference 


37 


46 


78 


50 


GPC area ratio 


0. 63 


0. 75 


0. 84 


0. 35 


Di s pe r s ib i 1 i t y of 
pigment 


good 
(5 pieces) 


good 
(5 pieces) 


good 
(7 pieces) 


good 
(6 pieces) 


Shelf stability 


0. 2 


0. 2 


0. 3 


0. 3 


Evaluation of 
image quality 










Image density 


1. 41 


1. 51 


1. 56 


1. 47 


E n V i r o nme n t a 1 

durability and 
stability 










L/L environment 


10, 000 or 


10, 000 or 


10, 000 or 


10, 000 or 




more 


more 


more 


more 


N/N environment 


10, 000 or 
more 


10, 000 or 
more 


10, 000 or 
more 


10, 000 or 
more 


H/H environment 


10, 000 or 
more 


10, 000 or 
more 


9, 000 


10, 000 or 
more 


Gloss 


60 


63 


64 


60 


Cockle 


1. 3 


1, 3 


1. 5 


1. 0 
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Table 2 





Compar a t i V 
e Example 1 


Comparative 
Example 2 


Compara t i 
ve Examp 1 e 


Toner properties 








Volume average 
particle diameter 


7. 2 


7. 3 


7. 2 


Particle diameter 
di s t r ibu t i on 


1. 29 


1. 25 


1. 29 


Ave rage sphericity 


1. 1 


1. 2 


1. 2 


Maximum absorption 
wavelength (nm) 

Absorbance 

Color difference 

GPC area ratio 

Disper sibility of 
pigment 

Shelf stability 


410 

0. 1 

0. 3 

0. 05 

poor 
(51 pieces) 

0. 4 


410 

0. 1 
3 

0. 05 

fair 
(23 pieces) 

0. 4 


410 

0. 1 

5 

0. 15 

fair 
(38 pieces) 

4. 8 


Evaluation of image 
qua 1 i t y 








Image dens i t y 


0. 86 


1. 04 


1. 12 


Envi r onmen t a 1 
durability and 
stability 

J_i/ij SllViiOri III e 11 L. 

N/N environment 
H/H environment 


10, 000 or 
more 

10, 000 or 
more 

10, 000 or 
more 


10, 000 or 
more 

10, 000 or 
more 

10. 000 or 
more 


rk J U \J \J 

4, 000 

3, 000 


Gloss 
Cockle 


56 
1. 3 


40 
1. 3 


13 
1. 2 



As it can be seen from Tables 1 and 2, the toners 
i n E x amp les 1 to 4 have better dispersibility of the pigment 
than those in Comparative Examples 1 to 3. In addition, 
the toners in Examples 1 to 4 are evaluated to be superior 
in toner properties and image quality to those in 
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Comparative Examples 1 to 3- 

Comparative Example 4 

The toner obtained in Comparative Example 2 was used 
5 to evaluate image density and cockle, wherein the amount 
of toner to be used per unit area was doubled. The image 
density was 1.59, and in the evaluation of cockle, the 
level of the warpage at the end of the paper was 2.5 cm. 

1 0 Example 5 

An aqueous solution containing 6.9 parts of sodium 
hydroxide (alkali metal hydroxide) dissolved in 50 parts 
of ion-exchanged water was gradually added to an aqueous 
solution containing 9.8 parts of magnesium chloride 

15 (water-soluble polyvalent metallic salt) dissolved in 250 
parts of i o n - e X ch a n g e d water, with stirring, to prepare 
a magnesium hydroxide colloidal dispersion (colloid of 
hardly water-soluble metal hydroxide). As for the 
particle distribution of the above described colloid 

20 produced, the number average particle diameter D50 (50% 
cumulative value of the number particle diameter 
distribution) and D90 (90% cumulative valueof the number 
particle diameter distribution) of the droplets were 
determined by a particle size analyzer (trade name: SALD 

25 2000A, product of Shimadzu Corporation) . The measurement 
by the particle size analyzer was performed under the 
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following conditions: refractive index = 1.55,-0.201, 
ultrasonic irradiation time = 5 minutes, and a 10% solution 
of salt as a dispersion medium during the measurement of 
droplet s . 

5 A polymeri zable monomer composition for core 

comprising 90 parts of styrene, 9.875 parts of butyl 
acrylate, 0.25 part of glycidyl me t ha c r y 1 a t e and 10 parts 
of a master batch that is a negative charge control resin 
composition obtained in Product Example 2, was 

10 di s s o 1 ved / di spe r s ed to obtain a solution, to which 3 parts 
of t-dodecyl mercaptan and 10 parts of dipent ae r y thr i t ol 
hexamyristate were added, stirred and mixed to be uniformly 
dispersed therein to obtain a p o 1 y me r i z ab 1 e monomer 
composition for core. 

15 Separately, 2 parts of methyl methacrylate and 100 

parts of water were subjected to f i ne 1 y - d i s p e r s i ng 
treatment using an ultrasonic emulsifier to obtain an 
aqueous dispersion of a po 1 yme r i z abl e monomer for shell. 
The particle diameter of the droplets of the polymeri zable 

20 monomer for shell was determined by a particle size 
analyzer (tradename: SALD2000A, manu f act ured by Shimadzu 
Corporation) . D90 was found to be 1.7 ^m . 

The above pol yme r i z abl e monomer composition for core 
was poured into the above colloidal dispersion of magnesium 

25 hydroxide (weight of the colloid: 4.0 parts), and the 
mixture was stirred until droplets became stable. After 
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stabilization of the droplets, 6 parts of t-butyl 
peroxy-2-ethylhexanoate (trade name: Perbutyl O, 
manufactured by NOF Corporation) was added. The 
resultant monomer mixture was stirred for 30 minutes at 
5 15,000 rpm under high shearing force by means of Ebara 
Milder (trade name: MDN303V, manufactured by EBARA Corp. ) 
to form finer droplets of the p o 1 yme r i z ab 1 e monomer 
composition for core. The thu s -pr epa r ed aqueous 

dispersion containing the droplets of the po 1 yme r i z abl e 

10 monomer composition for core was provided into a reactor 
equipped with agitating blades. The polymerization 
reaction was initiate at 90°C. At the time the conversion 
of the monomer into a polymer reached almost 100%, a 
reaction product in the reactor was sampled to measure 

15 the particle diameter of a core. The core had a particle 
diameter of 7.3 \xm , The above aqueous dispersion of the 
polymer izable monomer for shell and 0.2 part of a 
water-soluble polymerization initiator (trade name: 
VA-086, manufactured by Wako Pure Chemical Industries, 

20 Ltd. ) (2,2'-azobis{ 2-methyl-N-(2-hydroxyethyl)-propion 
amide} ) di s s o 1 ve d i n 6 5 pa r t s o f d i s t i 1 1 e d wa t e r we r e a dde d 
to the reactor- After the polymerization reaction was 
continued for 4 hours, the reaction was stopped, to obtain 
an aqueous dispersion of core-shell structure toner 

25 particles having a pH of 9.5. 

While stirring the aqueous dispersion of core-shell 
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structure toner particles obtained above, the pH of the 
system was adjusted to 5 or lower by adding sulfuric acid, 
for 10 minutes at 25°C to refer as acid- wa sh i ng . This 
dispersion was then dehydrated by filtration. Then, 500 
5 parts of ion-exchanged water was added to form a slurry 
again and conduct washing with water. Then, the 
dehydration and water washing procedure was repeated 
several times. Thereafter, solid content was separated 
by filtration and dried with a dryer for 2 days and nights 

10 at 45°C, whereby a toner particles was obtained. 

The dried toner particles were taken out for 
measurement. The results were that volume average 
particle diameter (Dv) was 7.5 ^im , volume average particle 
diameter ( Dv ) / number average particle diameter (Dp) was 

15 1.24, rl/rs was 1.1, and had a tetrahydrofuran-insoluble 
content of 0%. , Furthermore, the number of pigment 
particles with<a length of 0.2 ^m or more present in 100 
fxm^ was counted, and the number of pigment particles with 
a length of 0.2 \xm or more in 100 [im^ was found to be 7 

20 pieces . 

To 100 parts of the toner particles obtained above, 
there was added 0.6 part of colloidal silica {RX-200, 
manufactured by Nihon Aerosil Co. Ltd.) subjected to a 
hydrophobi city-impart ing treatment. They were mixed by 
25 means of a Henschel mixer to prepare a negatively charged 
toner. The thus obtained toner for developing the 
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electrostatic image was evaluated in the above manner. 
The results are shown in Table 3. 

Example 6 

5 A toner particles was obtained in the same way as 

in Example 5, except that a monomer composition comprising 
of 90 parts of styrene, 9.5 parts of butyl acrylate and 

0. 5 parts of glycidyl methacrylate was used as the 
polymer i zable monomer composition for core. 

10 Thus obtained toner particles had a volume average 

particle diameter (Dv) of 7.8 and a ratio of the volume 
average particle diameter (Dv) /number average particle 
diameter (Dp) of 1.28. Further, the toner particles had 
a ratio of rl/rs of 1.1/ and had* a 

15 tet rahydrof uran-insoluble content of 0%. Furthermore, 
the number of pigment particles with a length of 0.2 jim 
or more present in 100 \im^ was counted, and the number 
of pigment particles with a length of 0-2 |J.m or more in 
100 fim^ was found to be 5 pieces. 

20 The resulting toner particles was subjected to the 

same procedure as in Example 5, whereby a toner was obtained 
The properties of the resulting toner, the resulting image 
and so on were evaluated in the same manner as in Example 

1. The results are shown in Table 3. 

25 
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Example 7 

A toner particles was obtained in the same way as 
in Example 5, except that a monomer composition comprising 
of 90 parts of styrene, 9.5 parts of butyl acrylate and 
5 0.5 parts of methacryloyl chloride was used as the 
polymerizable monomer composition for core. 

Thus obtained toner particles had a volume average 
particle diameter (Dv) of 7.7 |im and a ratio of the volume 
average particle diameter (Dv) /number average particle 

10 diameter (Dp) of 1.32. Further, the toner particles had 
a ratio of rl/rs of 1.2, and had a 

tet rahydrof uran-insoluble content of 0%- Furthermore, 
the number of pigment particles with a length of 0.2 |J.m 
or more present in 100 lim^ was counted, and the number 

15 of pigment particles with a length of 0.2 ^im or more in 
100 ^im^ was found to be 8 pieces. 

The resulting toner particles was subjected to the same 
procedure as in Example 5, whereby a toner was obtained. 
The properties of the resulting toner, the resulting image 
20 and so on were evaluated in the same manner as in Example 
5- The results are shown in Table 3. 

Example 8 

A toner particles was obtained in the same way as 
25 in Example 5, except that a monomer composition comprising 
of 90 parts of styrene, 8 parts of butyl acrylate and 2 
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parts of glycidyl me t ha c r y 1 a t e was used as the 
pol'ymerizable monomer composition for core. 

Thus obtained toner particles had a volume average 
particle diameter (Dv) of 7.8 |xm and a ratio of the volume 
5 average particle diameter (Dv) /number average particle 
diameter (Dp) of 1.39. Further, the toner particles had 
a ratio of rl/rs of 1.2, and had a 

tet rahydrof uran-insoluble content of 0%. Furthermore, 
the number of pigment particles with a length of 0.2 ]Lim 
10 or more present in 100 \xm^ was counted, and the number 
of pigment particles with a length of 0.2 |im or more in 
100 lam^ was found to be 3 pieces. 

The resulting toner particles was subjected to the same 
procedure as in Example 5, whereby a toner was obtained. 
15 The properties of the resulting toner, the resulting image 
and so on were evaluated in the same manner as in Example 
5. The results are shown in Table 3. 

Comparative Example 5 

20 A polymerizable monomer composition for core 

comprising of 90 parts of styrene and 10 parts of butyl 
acrylate, 5 parts of a negative charge control resin 
(weight average molecular weight: 20,000, glass 
transition temperature: 65°C) prepared by polymerizing 

25 82% of styrene, 11% of butyl acrylate and 7% of 
2 - a cr y 1 ami de - 2 -me t hy Ip r opa ne sulfonic acid, and 5 parts 
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of the cyan pigment (C.I. Pigment Blue 15:4; manufactured 
by Clariant Int. Ltd. ) were dissolved/dispersed to obtain 
a solution, to which 3 parts of t-dodecyl mercaptan and 
10 parts of dipent aery thr i tol hexamyr is tate were added, 
5 stirred and mixed to be uniformly dispersed therein to 
obtain a p o 1 yme r i z ab 1 e monomer composition for core. 

Separately, 2 parts of methyl methacrylate and 100 
parts of water were subjected to finely-dispersing 
treatment using an ultrasonic emulsifier to obtain an 

10 aqueous dispersion of a po 1 yme r i z abl e monomer for shell. 
The particle diameter of the droplets of the polymer i z able 
monomer for shell was determined by a particle size 
analyzer (tradename: SALD 2000A, ma n u f a c t u r e d by S h ima d z u 
Corporation) . D90 was found to be 1.9 iim . 

15 The above polymer i zable monomer composition for core 

was poured into the colloidal dispersion of magnesium 
hydroxide used in Example 5 (weight of the colloid: 4.0 
parts) , and the mixture was stirred until droplets became 
stable. After stabilization of the droplets, 6 parts of 

20 t-butyl peroxy-2-ethylhexanoate (trade name: Perbutyl O, 
manufactured by NO F Corporation) was added. The 
resultant monomer mixture was stirred for 30 minutes at 
15,000 rpm under high shearing force by means of Ebara 
Milder (trade name: MDN303V, manufactured by EBARA Corp. ) 

25 to form finer droplets of the po 1 yme r i z ab 1 e monomer 
composition for core. The thus -prepa red aqueous 
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dispersion containing the droplets of the po 1 yme r i z ab 1 e 
monomer composition for core was provided into a reactor 
equipped with agitating blades. The polymerization 
reaction was initiate at 90°C. At the time the conversion 
5 of the monomer into a polymer reached almost 100%, a 
reaction product in the reactor was sampled to measure 
the particle diameter of a core. The core had a particle 
diameter of 7.4 lim . The above aqueous dispersion of the 
polymerizable monomer for shell and 0.2 part of a 

10 water-soluble polymerization initiator (trade name: 
VA-086, manufactured by Wako Pure Chemical Industries, 
Ltd.) ( 2 , 2 • -a zobi s{ 2 -me t hy 1 -N - ( 2 -hy d r oxy e t h y 1 ) - p r op i on 
amide} ) dissolved in 65 parts of distilled water were added 
to the reactor. After the polymerization reaction was 

15 continued for 4 hours, the reaction was stopped, to obtain 
an aqueous dispersion of core-shell structure toner 
particles having a pH of 9.5. 

While stirring the aqueous dispersion of core-shell 
structure toner particles obtained above, the pH of the 

20 system was adjusted to 5 or lower by adding sulfuric acid, 
for 10 minutes at 25°C to refer as aci d - wa s hing . This 
dispersion was then dehydrated by filtration. Then, 500 
parts of ion-exchanged water was added to form a slurry 
again and conduct washing with water. Then, the 

25 dehydration and water washing procedure was repeated 
several times. Thereafter, solid content was separated 
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by filtration and dried with a dryer for 2 days and nights 
at 45°C, whereby a toner particles was obtained. 

The dried toner particles was taken out for 
measurement. The results were that volume average 
5 particle diameter (Dv) was 7.5 ^m, volume average particle 
diameter ( Dv ) / number average particle diameter (Dp) was 
1.19, rl/rs was 1.2, and had a tetrahydrofuran-insoluble 
content of 0%. Furthermore, the number of pigment 
particles with a length of 0 . 2 fim or more present in 100 
10 |am^ was counted, and the number of pigment particles with 
a length of 0.2 ^im or more in 100 |im^ was found to be 51 
pieces . 

The resulting toner particles was subjected to the 
same procedure as in Example 5, whereby a toner was obtained. 
15 The properties of the resulting toner, the resulting image 
and so on were evaluated in the same manner as in Example 
5. The results are shown in Table 4. 



Comparative Example 6 

20 A toner particles was obtained in the s am e way as 

in Example 5, except that a monomer composition comprising 
of 90 parts of styrene, 8 parts of butyl acrylate and 2 
parts of glycidyl methacrylate was used as the 
polyme r izable monomer compos it ion for core, and the charge 

25 control resin was replaced by 0.5 part of aluminum 
salicylate . 
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Thus obtained toner particles had a volume average 
particle diameter (Dv) of 7.6 and a ratio of the volume 
average particle diameter (Dv) /number average particle 
diameter (Dp) of 1,30. Further, the toner particles had 
5 a ratio of rl/rs of 1.2, and had a 

tet rahydrof uran-insoluble content of 0%. Furthermore, 
the number of pigment particles with a length. of 0.2 |J-m 
or more present in 100 ^im^ was counted, and the number 
of pigment particles with a length of 0.2 |im or more in 

10 100 |J.m^ was found to be 31 pieces. 

The resulting toner particles was subjected to the same 
procedure as in Example 5, whereby a toner was obtained. 
The properties of the resulting toner, the resulting image 
and so on were evaluated in the same manner as in Example 

15 5. The results are shown in Table 4. 
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Table 3 





Example 5 


Example 6 


Example 7 


Example 8 


Toner 

properties 










Volume average 
particle diameter 
(l^m) 


7 . 5 


7 . 8 


7 . 7 


7 . 8 


Particle 
diameter 
distribution 


1.24 


1.28 


1 . 32 


1.39 


Ave rage 
sphericity 


1 . 1 


1 . 1 


1 . 2 


1 . 2 


Max imum 
absorption 
wavelength (nm) 

Ab s o r b ance 

Color 

di fference 

pH of aqueous 

extract 

solution 

Di s p e r s ib i 1 i t y 
of pi gmen t 

Shelf stability 


660 

0.62 

30 

5 . 8 

good 
(7 pieces) 

0 . 1 


660 

0.86 

4 3 

6 . 2 

good 
(5 pieces) 

0 . 3 


660 

0.94 

4 2 

5 . 9 

good 
(8 pieces) 

0 . 2 


660 

1.47 
68 

6 . 0 

good 
{3 pieces) 

0 . 2 


Evaluation of 

image qua 1 i t y 










Image density 


1.35 


1.44 


1.50 


1.65 


Environmental 
durability and 
stability 

L/L 
e n vi r onme n t 

N/N 
environment 

H/H 
en vi r onment 


10,000 or 
more 

10, 000 or 
more 

10, 000 or 
more 


10,000 or 
more 

10,000 or 
mo r e 

10,000 or 

more 


10,000 or 
mo r e 

10,000 or 
more 

10,000 or 

more 


10,000 or 
mo r e 

10,000 or 
more 

10,000 or 

more 


Gloss 
Cockle 


58 
1 . 5 


60 
1 . 4 


61 
1 . 4 


63 
1 . 3 



80 



FP310US 



Table 4 





Compa r a t i V 
e Example 5 


Compa rat iv 
e Example 6 


Toner properties 






Volume average 
particle diameter (jam) 


7 . 5 


7 . 6 


Particle diameter 
di s t r ibut ion 


1.19 


1.30 


Average sphericity 


1 . 2 


1.1 


Maximum absorption 
wavelength (nm) 


D O U 


o o U 


Absorbance 


0.03 


0.10 


Color difference 


0 . 2 


4 . 0 


pH of aqueous 
extract solution 


6 . 5 


6 . 8 


D i s p e r s i b i 1 i t y of 
p i gme n t 


poor 
(51 pieces) 


fair 
(31 pieces) 


Shelf stability 


0 . 2 


4 


Evaluation of image 

quality 






Image density 


0.85 


0.91 


Environmental 
durability and 
stability 






L/L environment 


9,500 


7,000 


N/N environment 


10,000 or 
more 


5,500 


H/H environment 


9,000 


4,000 


Gloss 


55 


48 


Cockle 


1 . 6 


1 . 3 



As it can be seen from Tables 3 and 4, the toners 
in Examples 5 to 8 have better pigment dispersion than 
those in Comparative Examples 5 and 6. In addition, the 
toners in Examples 5 to 8 are evaluated to be superior 
in toner properties and image quality to those in 
Comparative Examples 5 and 6. 
Comparative Example 7 

The toner obtained in Comparative Example 6 was used 



81 



FP310US 



to evaluate image density and cockle, wherein the amount 
of toner to be used per unit area was doubled. The image 
density was 1,51, and in the evaluation of cockle, the 
level of the warpage at the end of the paper was 2.8 cm. 

5 

Example 9 

An aqueous solution containing 6.9 parts of sodium 
hydroxide (alkali metal hydroxide) dissolved in 50 parts 
of ion-exchanged water was gradually added to an aqueous 

10 solution containing 9.8 parts of magnesium chloride 
(water-soluble polyvalent metallic salt) dissolved in 250 
parts of ion-exchanged water, with stirring, to prepare. 
a magnesium hydroxide colloidal dispersion (colloid of 
hardly water-soluble metal hydroxide) . As for the 

15 particle distribution of the above described colloid 
produced, the number average particle diameter D50 (50% 
cumulative value of the number particle diameter 
distribution) and D90 (90% cumulative value of the number 
particle diameter distribution) of the droplets were 

20 determined by a particle size analyzer (trade name: SALD 
2000A, product of Shimadzu Corporation) . The measurement 
by the particle size analyzer was performed under the 
following conditions: refractive index = 1.55-0.201, 
ultrasonic irradiation time = 5 minutes, and a 10% solution 

25 of salt as a dispersion medium during the measurement of 
droplets. 
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A polymer i zable monomer composition for core 
comprising 90 parts of styrene, 9.875 parts of butyl 
acrylate, 0.125 part of glycidyl methacrylate and 10 parts 
of a master batch that is a negative charge control resin 
5 composition obtained in Product Example 3 was 
dissolved/dispersed to obtain a solution, to which 3 parts 
of t-dodecyl mercaptan and 10 parts of dipe n t ae r y thr i t ol 
hexamyristate were added, stirred and mixed to be uniformly 
dispersed therein to obtain a polymer i z able monomer 

10 composition for core. 

Separately, 2 parts of methyl methacrylate and 100 
parts of water were subjected to finely-dispersing 
treatment using an ultrasonic emulsifier to obtain an 
aqueous dispersion of a polymer i zable monomer for shell. 

15 The particle diameter of the droplets of the polymer i z able 
monomer for shell was determined by a particle size 
analyzer (tradename: SALD 2000A, manufactured by Shimadzu 
Corporation). D90 was found to be 1.6 )im . 

The above p o 1 yme r i z a b 1 e monomer composition for core 

20 was poured into the above colloidal dispersion of magnesium 
hydroxide (weight of the colloid: 4.0 parts), and the 
mixture was stirred until droplets became stable. After 
stabilization of the droplets, 6 parts of t-butyl 
per oxy-2 -e thylhexanoa t e (trade name: Perbutyl O, 

25 manufactured by NOF Corporation) was added. The 
resultant monomer mixture was stirred for 30 minutes at 
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15,000 rpm under high shearing force by means of Ebara 
Milder (trade name: MDN303V, manufactured by EBARA Corp. ) 
to form finer droplets of the po 1 yme r i z a b 1 e monomer 
composition for core. The t hu s - p r epa r e d aqueous 

5 dispersion containing the droplets of the polymerizable 
monomer composition for core was provided into a reactor 
equipped with agitating blades. The polymerization 
reaction was initiate at 90°C- At the time the conversion 
of the monomer into a polymer reached almost 100%, a 

10 reaction product in the reactor was sampled to measure 
the particle diameter of a core. The core had a particle 
diameter of 7.3 ^m . The above aqueous dispersion of the 
polymerizable monomer for shell and 0.2 part of a 
water-soluble polymerization initiator (trade name: 

15 VA-086, manufactured by Wako Pure Chemical Industries, 
Ltd. ) (2, 2 ' -azobis{ 2-methyl-N- (2-hydroxyethyl) -propion 
amide} ) di s s o 1 ve d i n 6 5 pa r t s o f d i s t i 1 1 e d wa t e r we r e a dded 
to the reactor- After the polymerization reaction was 
continued for 4 hours, the reaction was stopped, to obtain 

20 an aqueous dispersion of core-shell structure toner 
particles having a pH of 9.5. 

While stirring the aqueous dispersion of core-shell 
structure toner particles obtained above, the pH of the 
system was adjusted to 5 or lower by adding sulfuric acid, 

25 for 10 minutes at 25°C to refer as a c i d - wa s h i n g . This 
dispersion was then dehydrated by filtration. Then, 500 
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i 

parts of ion-exchanged water was added to form a slurry 
again and conduct washing with water. Then, the 
dehydration and water washing procedure was repeated 
several times. Thereafter, solid content was separated 
5 by filtration and dried with a dryer for 2 days and nights 
at 45°C, whereby toner particles were obtained. 

The dried toner particles were taken out for 
measurement. The results were that volume average 
particle diameter (Dv) was 7.5 |im , volume average particle 

10 diameter (Dv) / number a v e rage particle diameter (Dp) was 
1. 19, rl/rs was 1. 1, and had a tetrahydrofuran-insoluble 
content of 0%. Furthermore, the number of pigment 
particles with a length of 0.2 p.m or more present in 100 
jam^ was counted, and the number of pigment particles with 

15 a length of 0.2 |J.m or more in 100 |im^ was found to be 20 
pieces . 

To 100 parts of the toner particles obtained above, 
there was added 0.6 part of colloidal silica (RX-200, 
manufactured by Nihon Aerosil Co. Ltd.) subjected to a 
20 hy d r ophobi c i t y - impa r t i n g treatment. They were mixed by 
means of a Henschel mixer to prepare a negatively charged 
toner. The thus obtained toner for developing the 
electrostatic image was evaluated in the above manner. 
The results are shown in Table 5. 



25 
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Example 10 

A toner particles was obtained in the same way as 
in Example 9, except that a monomer composition comprising 
of 90 parts of styrene, 9.5 parts of butyl acrylate and 
5 0.5 parts of glycidyl methacrylate was used as the 
polymerizable monomer composition for core . 

Thus obtained toner particles had a volume average 
particle diameter (Dv) of 7.4 |J.m and a ratio of the volume 
average particle diameter (Dv) /number average particle 

10 diameter (Dp) of 1.31. Further, the toner particles had 
a ratio of rl/rs of 1.2, and had a 

te trahydrof uran-insoluble content of 0%. Furthermore, 
the number of pigment particles with a length of 0.2 p-m 
or more present in 100 \xm^ was counted, and the number 

15 of pigment particles with a length of 0.2 )im or more in 
100 M-m^ was found to be 13 pieces. 

The resulting toner particles was subjected to the 
same procedure as in Example 9, whereby a toner was obtained. 
The properties of the resulting toner, the resulting image 

20 and so on were evaluated in the same manner as in Example 
9. The results are shown in Table 5. 



Ex amp 1 e 11 

A toner particles was obtained in the same way as 

25 in Example 9, except that a polymerizable monomer 

composition comprising of 90 parts of styrene, 9 parts 
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i 

of butyl acrylate and 2 parts of glycidyl me t h a c r y 1 a t e 
was used as the po 1 yme r i z ab 1 e monomer composition for core . 

Thus obtained toner particles had a volume average 
particle diameter (Dv) of 7.3 ^m and a ratio of the volume 
5 average particle diameter (Dv) /number average particle 
diameter (Dp) of 1.26. Further, the toner particles had 
a ratio of rl/rs ' of 1.1/ and had a 

tet rahydrof uran-insoluble content of 0%. Furthermore, 
the number of pigment particles with a length of 0.2 j-im 

10 or more present in 100 p.m^ was counted, and the number 
of pigment particles with a length of 0.2 |xm or more in 
100 M-m^ was found to be 13 pieces. 

The resulting toner particles was subjected to the 
same procedure as in Example 9, whereby a toner was obtained, 

15 The properties of the resulting toner, the resulting image 
and so on were evaluated in the same manner as in Example 
9- The results are shown in Table 5. 

Example 12 

20 A toner particles was obtained in the same way as 

in Example 9, except that a monomer composition comprising 
of 90 parts of styrene, 6 parts of butyl acrylate and 4 
parts of methacryloyl chloride was used as the 
pol ymer i zabl e monomer composition for core. 

25 Thus obtained toner particles had a volume average 

particle diameter (Dv) of 7.8 ^m and a ratio of the volume 
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average particle diameter (Dv) /number average particle 
diameter (Dp) of 1.42. Further, the toner particles had 
a ratio of rl/rs of 1.1, and had a 

tet rahydrof ur an-insoluble content of 0%. Furthermore, 
5 the number of pigment particles with a length of 0.2 |im 
or more present in 100 l^m^ was counted, and the number 
of pigment particles with a length of 0.2 ^im or more in 
100 \im^ was found to be 12 pieces. 

The resulting toner particles was subjected to the 
10 same procedure as in Example 9, whereby a toner was obtained. 
The properties of the resulting toner, the resulting image 
and so on were evaluated in the same manner as in Example 
9. The results are shown in Table 5. 

1 5 Example 13 

A toner particles was obtained in the same way as 
in Example 9, except that a monomer composition comprising 
of 90 parts of styrene, 9.5 parts of butyl acrylate and 
0.5 parts of glycidyl allyl was used as the po 1 yme r i z ab 1 e 

20 monomer composition for core, and C.I. Pigment Red 209 
was used as the pigment. Further, a water dispersion 
prepared by dispersing 6 g of the pigment used in 100 ml 
of ion-exchanged water having a pH of 7 had a pH of 5.9. 

Thus obtained toner particles had a volume average 

25 particle diameter (Dv) of 7.9 fim and a ratio of the volume 
average particle diameter (Dv) /number average particle 
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diameter (Dp) of 1.36. Further, the toner particles had 
a ratio of rl/rs of 1.2, and had a 

tet rahydrof uran-insoluble content of 0%. Furthermore, 
the number of pigment particles with a length of 0.2 }im 
or more present in 100 ^m^ was counted, and the number 
of pigment particles with a length of 0.2 \xm or more in 
100 )im^ was found to be 10 pieces. 

The resulting to.ner particles was subjected to the 
same procedure as in Example 9 , whereby a toner was obtained 
The properties of the resulting toner, the resulting image 
and so on were evaluated in the same manner as in Example 
9. The results are shown in Table 6. 

Example 14 

A toner particles was obtained in the same manner 
as in Example 9 except that a monomer composition 
comprising 90 parts of styrene, 9.75 parts of butyl 
acrylate and 0.25 part of ethy lenegly col diglycidyl ether 
was used as a pel ymer i zable monomer composition for core, 
and C.I. Pigment Red 57.1 was used as a pigment. A water 
dispersion prepared by dispersing 6 g of the pigment used 
in 100 mi of ion-exchanged water having a pH of 7.0 had 
a p H o f 6. . 2 . 

Thus obtained toner particles had a volume average 
particle diameter (Dv) of 6.9 ^m and a ratio of the volume 
average particle diameter (Dv) /number average particle 
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diameter (Dp) of 1.26. Further, the toner particles had 
a ratio of rl/rs of 1.1, and had a 

tetrahydrof uran-insoluble content of 0%, Furthermore, 
the number of pigment particles with a length of 0.2 ^im 
or more present in 100 M-m^ was counted, and the number 
of pigment particles with a length of 0.2 ^im or more in 
100 |am^ was found to be 9 pieces. 

Further, the obtained toner particles was treated 
in the same manner as in Example 9 to obtain a toner. The 
obtained toner was characterized and evaluated for images 
in the same manner as in Example 9. The results are shown 
in Table 6. 

Comparative Example 8 

A polymeri zable monomer compos'ition for core 
comprising of 90 parts of styrene and 9 parts of butyl 
acrylate, 2 parts of an epoxy resin, 0.55 part of aluminum 
salicylate as a charge control agent and 5 parts of a cyan 
pigment (C.I. Pigment Red 122; manufactured by Clariant 
Int. Ltd.) were d i s s o 1 ve d / d i s pe r s e d to obtain a solution, 
to which 3 parts of t-dodecyl mercaptan and 10 parts of 
dipentaery thr i t ol he x amy r i s t a t e were added, stirred and 
mixed to be uniformly dispersed -therein to obtain a 
polymerizable monomer composition for core. 

Separately, 2 parts of methyl methacrylate and 100 
parts of water were subjected to f i n e 1 y - d i s p e r s i ng 
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treatment using an ultrasonic emulsifier to obtain an 
aqueous dispersion of a polymer i zable monomer for shell. 
The particle diameter of the droplets of the pol yme r i z ab 1 e 
monomer for shell was determined by a particle size 
5 analyzer (tradename: SALD 2000A, manufactured by Shimadzu 
Corporation) . D90 was found to be 1.8 ^im . 

The above polymeri zable monomer composition for core 
was poured into the colloidal dispersion of magnesium 
hydroxide used in Example 9 (weight of the colloid: 4.0 

10 parts) , and the mixture was stirred until droplets became 
stable. After stabilization of the droplets, 6 parts of 
t-butyl peroxy-2 -ethy Ihexanoa t e (trade name: Perbutyl O, 
manufactured by NO F Corporation) was added. The 
resultant monomer mixture was stirred for 30 minutes at 

15 15,000 rpm under high shearing force by means of Ebara 
Milder (trade name: MDN303V, manufactured by EBARA Corp. ) 
to form finer droplets of the pol yme r i z abl e monomer 
composition for core. The t hu s -prepared aqueous 

dispersion containing the droplets of the po 1 yme r i z ab 1 e 

20 monomer composition for core was provided into a reactor 
equipped with agitating blades. The polymerization 
reaction was initiate at 90°C. At the time the conversion 
of the monomer into a polymer reached almost 100%, a 
reaction product in the reactor was sampled to measure 

25 the particle diameter of a core. The core had a particle 
diameter of 7.3 \xm . The above aqueous dispersion of the 
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polymerizable monomer for shell and 0,2 part of a 
water-soluble polymerization initiator (trade name: 
VA-086, manufactured by Wake Pure Chemical Industries, 
Ltd.) (2,2'-azobis{ 2-methyl-N-(2-hydroxyethyl)-propion 
amide} ) dissolved in 65 parts of distilled water were added 
to the reactor. After the polymerization reaction was 
continued for 4 hours, the reaction was stopped, to obtain 
an aqueous dispersion of core-shell structure toner 
particles having a pH of 9.5. 

While stirring the aqueous dispersion of core-shell 
structure toner particles obtained above, the pH of the 
system was adjusted to 5 or lower, by adding sulfuric acid, 
for 10 minutes at 25°C to refer as a c i d - wa s hi n g . This 
dispersion was then dehydrated by filtration. Then, 500 
part.s of ion-exchanged water was added to form a slurry 
again and conduct washing with water. Then, the 
dehydration and water washing procedure was repeated 
several times. Thereafter, solid content was separated 
by filtration and dried with a dryer for 2 days and nights 
at 45°C, whereby a toner particles was obtained. 

The dried toner particles was taken out for 
measurement. The results were that volume average 
particle diameter (Dv) was 7.3 |J.m, volume average particle 
diameter (Dv)/ number average particle diameter (Dp) was 
1.24, rl/rs was 1.1, and had a tetrahydrofuran-insoluble 
content of 0%. Furthermore, the number of pigment 
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particles with a length of 0.2 \xm or more present in 100 
jim^ was counted, and the number of pigment particles with 
a length of 0.2 |im or more in 100 |am^ was found to be 24 
pieces . 

5 The resulting toner particles was subjected to the 

same procedure as in Example 9, whereby a toner was obtained. 
The properties of the resulting toner, the resulting image 
and so on were evaluated in the same manner as in Example 
9. The results are shown in Table 7. 

10 

Comparative Example 9 

A toner particles was obtained in the same manner 
as in Example 9 except that a monomer composition 
comprising 90 parts of styrene and 10 parts of - butyl 

15 acrylate was used as a polymeri zable monomer composition 
for the core. 

Thus obtained toner particles had a volume average 
particle diameter (Dv) of 7.2 |am and a ratio of the volume 
average particle diameter (Dv) /number average particle 

20 diameter (Dp) of 1.28. Further, the toner particles had 
a ratio of rl/rs of 1.1/ and had a 

tetrahydrof uran-insoluble content of 0%. Furthermore, 
the number of pigment particles with a length of 0.2 p.m 
or more present in 100 |J.m^ was counted, and the number 

25 of pigment particles with a length of 0.2 \xm or more in 
100 i^m^ was found to be 24 pieces. 
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Further, the obtained toner particles was treated 
in the same manner as in Example 9 to obtain a toner. The 
obtained toner was characterized and evaluated for images 
in the same manner as in Example 9. The results are shown 
in Table 7 . 
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Table 5 





Examp 1 e 
9 


E X amp 1 e 
10 


E X amp 1 e 
1 1 


E X amp 1 e 
12 


Toner 

pr op e r t i e s 










Volume average 
particle diameter 
(l^m) 


7 . 5 


7 . 4 


7 . 3 


7 . 8 


Particle 
diameter 
distribution 


1.19 


1.31 


1.26 


1.42 


Average 
sphericity 


1 . 1 


1 . 2 


1 . 1 


1 . 1 


Max imum 
absorption 
wavelength (nm) 

Absorbance 

Color 

di fference 

GPC area ratio 

Basicity 
{ mmo 1 / g ) 

Dispersibility 

of pi gme n t 

Shelf stability 


54 0 

0.23 
6 

0.12 

4.3 

fair 
(20 pieces ) 

0 . 3 


54 0 

0.73 

12 

0.28 

6 . 2 

good 
( 13 pieces ) 

0 . 3 


54 0 

1 . 63 

28 

0.76 

3 . 2 

good 
( 13 pieces ) 

1 . 0 


5 4 0 

1.89 

38 

0.77 

4 . 5 

good 
( 12 pieces ) 

1 . 8 


Evaluation of 
image quality 










Image density 


1.24 


1.46 


1.51 


1.56 


Environmental 
durability and 
s t ab i 1 i t y 

L/L 
envi ronment 

N/N 
envi ronment 

H/H 
environment 


10,000 or 

more 

10,000 or 
more 

10,000 or 
mo r e 


10,000 or 

more 

10,000 or 
more 

10,000 or 

more 


10,000 or 

mo r e 

10,000 or 
more 

10,000 or 
more 


10, 000 or 

mo r e 

10,000 or 
mo r e 

9,500 


Gloss 
Cockle 


58 
1 . 2 


60 
1 . 2 


62 
1 . 4 


61 
1 . 5 
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Table 6 





Ex amp 1 e 
13 


Ex amp 1 e 
14 


Toner properties 






Volume average 
particle diameter (H^m) 


7 . 9 


6 . 9 


Particle diameter 
di s t r ibu t i on 


1.36 


1.26 


Ave rage sphericity 


1 . 2 


1 . 1 


Maximum absorption 
wavelength (nm) 

Ab s orbance 

Color difference 

GPC area ratio 

Basicity (mmol/g) 

Disper sibility of 
pigment 

Shelf stability 


5 4 0 

0.78 

1 0 

0.38 

0 . 3 

good 
(10 pieces) 

0 . 7 


540 

0.49 
8 

0.21 

0 . 2 

good 
(9 pieces) 

0 . 2 


Evaluation of image 
quality 






Image density 


1.48 


1.38 


Environmental 
durability and 
stability 

L/L environment 
N/N environment 
H/H environment 


10,000 or 
more 

10,000 or 
more 

10,000 or 
more 


10,000 or 
more 

10,000 or 

more 

10,000 or 
more 


Gloss 
Cockle 


57 
1 . 8 


5 6 
1 . 3 



96 



FP310US 



Table 7 





Comparat i 
ve Example 
8 


Comparati 
ve Example 
9 


Toner properties 






Volume average particle 
diameter (jim) 


7 . 3 


7 . 2 


Particle diameter 
distribution 


1.24 


1.28 


Average sphericity 


1 . 1 


1 . 1 


Maximum absorption 
wavelength ( nm ) 


5 4 0 


540 


Abs orbance 


0.12 


0 . 12 


Color difference 


8 


0 . 2 


GPC area ratio 


0.04 


0.04 


Basicity (mmol/g) 


0 . 8 


1 . 0 


Disper sibility of 
p i gme n t 


fair 
(24 pieces) 


fair 
(24 pieces) 


Shelf stability 


.4.4 


0 . 3 


Evaluation of image 
quality 






Image density 


0.81 


0.72 


Environmental 
dnr^bili'l'v ^^nH 
stability 






L/L environment 


6,500 


10,000 or 
more 


N/N environment 


4,000 


10,000 or 
more 


H/H environment 


3,500 


10, 000 or 
more 


Gloss 


4 9 


55 


Cockle 


1 . 2 


1 . 3 



As it can be seen from Tables 5, 6 and 7, the toners 
in Examples 9 to 14 have better di spe r s ibi li ty of the 
pigment than those in Comparative Examples 8 and 9. In 
addition, the toners in Examples 9 to 14 are evaluated 
to be superior in toner characteristics and image quality 
to those in Comparative Examples 8 and 9. 
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Comparative Example 10 

The toner obtained in Comparative Example 9 was used 
to evaluate image density and cockle, wherein the amount 
5 of toner to be used per unit area was doubled. The image 
density was 1.41, and in the evaluation of cockle, the 
level of the warpage at the end of the paper was 3.0 cm. 

Industrial Applicability 
^ 10 Asdescribedindetailabove, thetonerofthepresent 

invention, in which filtrate obtained by filtering a 
dispersion comprising 0.2 g of the toner dispersed in 100 
ml of t e t r ahydr o f uran through a filter with a pore size 
of 0.45 |im, when it is measured by a spectrophotometer, 

15 has a maximum absorption between 380 nm and 4 40 nm wherein 
the absorbance at the maximum absorption is 1 or higher, 
or has a maximum absorption between 640 nm and 680 nm wherein 
the absorbance at the maximum absorption is 0.2 or higher, 
or h a s a maximum absorption be t we en 490 nm and 560 nmwherein 

20 the absorbance at the max imum absorption is 0. 15 or higher, 
is excellent in di spe r s ibi 1 i t y of the pigment and can 
provide good images. 

Moreover, the method for producing the toner 
according to the present invention provides a toner that 

25 is excellent in dispersibili ty of the pigment and can 
provide good images. 



